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Notice 


When using this document, keep the following in mind: 
This document may, wholly or partially, be subject to change without notice. 


All rights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole 
or part of this document without Hitachi’s permission. __ 


Hitachi will not be held responsible for any damage to the user that may result from accidents . 
or any other reasons during operation of the user’s unit according to this document. 


Circuitry and other examples described herein are meant merely to indicate the characteristics 


and performance of Hitachi’s semiconductor products. Hitachi assumes no responsibility for 
any intellectual property claims or other problems that may result from applications based on 
the examples described herein. 


No license is granted by implication or otherwise under any patents or other rights of any third 
party or Hitachi, Ltd. © 


MEDICAL APPLICATIONS: Hitachi’s products are not authorized for use in MEDICAL 
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales 
company. Such use includes, but is not limited to, use in life support systems. Buyers of 
Hitachi’s products are requested to notify the relevant Hitachi sales offices when planning to 
use the products in MEDICAL APPLICATIONS. | 
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HM5241605 Series Preliminary 


131,072-word x 16-bit x 2-bank Synchronous Dynamic RAM 
HITACHI Ape. 13,1904 


All inputs and outputs are referred to the rising Ordering Information 
edge of the clock input. The HM5241605 is 
offered in 2 banks for improved performance. Type No. Frequency Package 








HMS5241605TT-20 50 MHz 400-mil 50-pin 
Features HM5241605TT-17 57 MHz olastic TSOP r 
HMS5241605TT-15 66 MHz (TTP-50D) 
¢ 3.3V Power supply 
¢ Clock frequency 
66 MHz/57 MHz/SO MHz 
¢ LVTTL interface 
e Single pulsed RAS 
e 2 Banks can operates simultaneously and 
independently 
¢ Burst read/write operation and burst read/ 
single write operation capability 
¢ Programmable burst length 
1/2/4/8ffull page 
¢ Programmable burst sequence 
Sequential/interleave 
* Full page burst length capability 
Sequential burst 
burst stop capability 
+ Programmahie CAS latency 
1/2/3 . 
* Byte control by DQMU and DQML 
* 1024 refresh cycles: 16 ms 
» 2 variations of refresh - 
— Auto refresh 
— Self refresh 





Preliminary: This document contains information on a 
new product. Specifications and information contained 
herein are subject to change without notice. 


Si, 
Hitachy 2 
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Pin Arrangement Pin Description 
Pin name Function 
AO- A9 Address input 
- Row address AO ~A8 


- Column address AO —A7 
- Bank select address AQ 





YOO ~ VO15 Data-input/output 

ct Chip select 

RAS Row address strobe command 
CAS Column address strobe command 


. WE Write enable command 
DQMU Upper byte input/output mask 
DOQML Lower byte input/output mask 
CLK Clock input 
CKE Clock enable 
Voc Power for internal circuit (3.3 V) 
Vss Ground for intemal circuit | 
VecQ Power for VO pin (3.3 V) 
VgsQ Ground for VO pin 
NC No connection 
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Block Diagram 


512 row X 256 column X 16 bit 
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Pin Functions 


CLK (input pin): CLK is the master clock 
input to this pin. The other input signals are 
referred at CLK rising edge. 


CS (input pin): When CS is Low, the command 
input cycle becomes valid. When CS is High, all 
inputs are ignored. However, internal operations 
(bank active, burst operations, etc.) are held. 


RAS, CAS, and WE (input pins): Although 
these pin names are the same as those of 
conventional DRAMs, they function in a different 
way. These pins define operation commands 
(read, write, etc.) depending on the combination of 
their voltage levels. For details, refer to the 
command operation section. 


AO to A8 (input pins): Row address (AX0 to 
AX8) is determined by AO to A& level at the 
bank active command cycle CLK rising edge. 
Column address (A0 to A7) is determined by 
AO to A7 level at the read or write command 
cycle CLK rising edge. And this column address 
becomes burst access start address. A8 defines the 
precharge mode. When A8 = High at the 
precharge command cycle, both banks are 

But when A8 = Low at the precharge 
command cycle, only the bank that is selected by 
A9@BS) is precharged. 


A9 (input pin): A9 is a bank select signal (BS). 
The memory array of the HM5241605 is divided 
into bank 0 and bank 1, both which contain 512 
row x 256 column x 16 bits. If A9 is Low, bank 0 
is selected, and if A9 is High, bank 1 is selected. 


CKE (input pin): This pin determines whether 
or not the next CLK is valid. If CKE is High, 
the next CLK rising edge is valid. If CKE is Low, 
the next CLK rising edge is invalid. This pin is 
used for power-down and clock suspend modes. 
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DQMU/DQML (input pins): DQMU controls 
upper byte and DQML controls lower byte 
input/output buffers. 

Read operation: If DQMU/DQML is High, the 
output buffer becomes High-Z. If the 
DQMU/DQML is Low, the qutput buffer becomes 
Low-Z. 

Write operation: If DQMU/DQML is High, the 
previous data is held (the new data is not written). 
If DQMU/DOML is Low, the data is written. 


V/00 to VO1S (VO pins): Data is input to and 
output from these pins. These pins are the same 
as those of a conventional DRAM. 

Vcc and VccQ (power supply pins): 3.3 V is 
applied. (Vcc is for the internal circuit and 
VccQ is for the output buffer.) 


Vss and VgcQ (power supply pins): Ground is 
connected. (Vsg is for the internal circuit and 
VssQ is for the output buffer.) 
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CKE A7 
Function Symbol n-1 n CS FAS CAS WE Ao AB -0 
Ignore command DESL H Xx H xX x x xX xX X 
No operation NOP H x L H H H x x xX 
Burst stop in full page BST H x L H H L x xX xX 
Column address and read command READ H xX L H L H v t Vv 
Read with auto-precharge READA H xX L H L H Vv H V 
Column address and write command WRIT H xX L H L L veobueov 
Write with auto-precharge WRITA H x L H L L vooH OV 
Row address strobe and bank act. 9ACTV H x L L H H Vv vv 
Precharge select bank PRE H x L L H L vetéesxX 
Precharge all bank PALL H X ol L H L X H X 
Refresh - REF/SELF H V L L L H xX xX xX 
Mode register set 2 MRS H xX L L L L L LV 


Note: H: Vix. L: Vip. X: Vixyor Vip. V: Valid address input 


Ignore command [DESL]: When this command Column address strobe and read command 

is set (CS is High), the synchronous DRAM _—(READ)}: This command starts a read operation. 

ignore command input at the clock. However, the In addition, the start address of burst read is 

internal status is held. determined by the column address (AY0-AY7) and 

the bank select address (BS). After the read 

°No operation [NOP]: This command is not an _ operation, the output buffer becomes High-Z. 

execution command. However, the internal 

operations continue. *Read with auto-precharge [READ A): This 
’ command automatically performs a precharge 

*Burst stop in full-page [BST]: This command operation after a burst read with a burst length of 

stops a full-page burst operation (burst length = 1, 2, 4, or 8. When the burst length is full- 

full-page(256)), and is illegal otherwise. Full page § page({256), this command is illegal. 

burst continues until this command is input. 

When data input/output is completed for a full- 

page of data (256), it automatically returns to the 

start address, and input/output is performed 

repeatedly. 


mn 


Column address strobe and write command 
[WRIT]: This command starts a write operation. 
When the burst write mode is selected, the column 
address (AYO to AY7) and the bank select address 
(A9) become the burst write start address. When 
the single write mode is selected, data is only 
written to the location specified by the column 
address (AYO to AY7) and the bank select address 
(A9). 


“Write with auto-precharge [WRIT A): This 
command automatically performs a precharge 


burst length is full-page(256), this command is 
illegal. 


*Row address strobe and bank activate 
{[ACTV}: This command activates the bank that is 
selected by A9(BS) and determines the row 
address (AX0-AX8). When AQ is Low, bank 0 is 
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Precharge selected bank (PRE): This command 
Starts precharge operation for the bank selected by 
A9. If A9 is Low, bank 0 is selected. If A9 is 
High, bank 1 is selected. 


¢Precharge all banks [PALL]: This command 
Starts a precharge operation for all banks. 


*Refresh [REF/SELF)]: This command starts the 
refresh operation. There are two types of refresh 
operation, the one is auto-refresh, and the other is 
self-refresh. For details, refer to the CKE tuuth 
table section. 


Mode register set [MRS]: Synchronous DRAM 
has a mode register that defines how it operates. 
The mode register is specified by the address pins 
(A0-A9) at the mode register set cycle. For details, 
refer to the mode register configuration. After 
power on, the contents of the mode register are 
undefined, execute the mode register set command 








activated, When A9 is High, bank 1 is activated. to set up the mode register. 
DQM Truth Table 
CKE DQM 

Function Symbol n-1 n -U L 
Upper byte write enable/output enable ENBU H x L x 
Lower byte write enable/output enable ENBL H x x L 
Upper byte write inhibit/output disable MASKU H X H X 
Lower byte write inhibit/output disable MASKL H xX X H 





Note: H: Vay. L: Vip. X: Vi or Vic. 


by setting DQMU/DQML to Low, enabling data 
output. On the other hand, when DQMU/DQML 
is set to High, the output buffer becomes High-Z, 
disabling data output. 


During writing, data is written by setting 
DQMU/DQML to Low. When DQMU/DQML is 
set to High, the previous data is held (the new data 
is Not written). Desired data can be masked during 
burst read or burst write by setting DQMU/DQML. 
For details, refer to the DQM control section of the 
HMS524 1605 operating instructions. 









































CKE Truth Table 
CKE 
Current state Function n-t on TS FAS CHS WE Address 
Active Clock suspend mode entry H L x x x x X 
Any Clock suspend L L X X “xX x xX 
Clock suspend Clock suspend mode exit L H xX xX x x xX 
idle Auto-refreshcommand REF H H LL L L 4H_~ X 
idle Self-refresh entry SELF H L L L L H xX 
Idle Power down entry H L L H H H xX 
H bL HH X X XxX X 
Self refresh Self refresh exit L H L H H H x 
L H H xX xX x xX 
Power down Power down exit L H L H H H x 
L H H X xX X X 





*ACTIVE clock suspend: This suspend 
mode ignores inputs after the next clock by 
internally maintaining the bank active status. 


*READ suspend and READ A suspend: 
The data being output is held (and continues 
to be output). 


*WRITE suspend and WRIT A suspend: 
In this mode, external signals are not 
accepted. However, the internal state is held. 


*Clock suspend: During clock suspend mode, 
keep the CKL to Low. 


*Clock suspend mode exit: The synchronous 
DRAM exits from clock suspend mode by setting 
CKE to High during the clock suspend state. 


*IDLE: In this state, all banks are not selected, 
and completed precharge operation. 


*Auto-refresh command [REF]: When this 
command is input from the IDLE state, the 
synchronous DRAM starts auto-refresh operation. 
(The auto-refresh is the same as the CBR refresh 
of conventional DRAMs.) During the auto-refresh 
operation, refresh address and bank select address 
are generated inside the synchronous DRAM. For 
every auto-refresh cycle, the internal address 
counter is updated. Accordingly, 1,024 times are 
required to refresh the entire memory. Before 
executing the auto-refresh command, all the banks 
must be in the IDLE state. In addition, since the 
precharge for all banks is automatically performed 
after auto-refresh, no precharge command is 
required after auto-refresh. 


~“ 


Self-refresh entry (SELF]: When this command 
is input during the IDLE state, the synchronous 
DRAM starts self-refresh operation. After the 
execution of this command, self-refresh continues 
while CKE is Low. Since self-refresh is performed 
internally and automatically, external refresh 


operations are unnecessary. 


*Power down mode entry: When this command is 
executed during the IDLE state, the synchronous 
DRAM enters power down mode. In power down 
mode, power consumption is suppressed by cutting 
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eSelf-refresh exit: When this command is 
executed during self-refresh mode, the 
synchronous DRAM can exit from self-refresh 
mode. After exiting from self-refresh mode, the 
synchronous DRAM enters the IDLE suate. 


*Power down exit: When this command is 
executed at the power down mode, the 
synchronous DRAM can exit from power down 
mode. After exiting from power down mode, the 
synchronous DRAM enters the IDLE state. 

















off the initial input circuit. 
Function Truth Table 
The following table shows the operations that are performed when each command is issued in each mode 
of the synchronous DRAM. 
Current state TS jjFAS CAS WE Address Command Operation 
Precharge H X X x x DESL Enter IDLE atter tap 
L H H H X NOP Enter IDLE after trp 
L H H L xX BST ILLEGAL 
L H L H BA,CA,A8 READ/READA ILLEGAL 
L H L L BA,CA,A8 WRIT/WRITA ILLEGAL 
ok L H H BA, RA ACTV ILLEGAL 
L L H L BA, A8 PRE, PALL ILLEGAL 
L L L H X REF, SELF ILLEGAL 
L L L L MODE MRS ILLEGAL 
idle H x x x x DESL NOP 
L H H H X NOP NOP 
L H H L x BST NOP 
L H L H BA,CA,A8 READ/READA ILLEGAL 
L H L me BA,CA,A8 WRITMWRITA ILLEGAL 
L L H H BA, RA ACTV Bank and row active 
L L H L -BA, A8 PRE,PALL NOP 
L L L H x REF, SELF Refresh 
L L L L MODE MRS . Mode register set 





HM5241605 Series 














Function Truth Table (cont.) 
Current state TS ~=6rRAS- SCS. sSCOWE=SCous Address) = Command Operation 
Row active H xX X xX xX DESL NOP 
L H H H xX NOP NOP 
L H H L x BST NOP 
L H L H BA, CA,A8 READ/READA Begin read 
L H L L BA,CA,A8 WRITWRITA Begin write 
L L H H BA, RA ACTV Other bank active’? 
ILLEGAL on same bank 
L L H L BA, A8 PRE, PALL Precharge 
L L L H X REF, SELF ILLEGAL 
L L L L MODE MRS ILLEGAL 
Read H X xX x Xx DESL Continue burst to end 
L H H H xX NOP Continue burst to end 
L H H L xX BST Burst stop to full page 
L H L H BA, CA, A8 READ/READA .Continue burst read to 
CAS latency and New read 
L H L L BA,CA,A8 WRITMWRITA — Term burst read/start write 
L L H H BARA ACTV : Other bank active’S 
ILLEGAL on same bank 
L L H L BA, A8 PRE, PALL Term burst read and 
Precharge 
L L L H x REF, SELF ILLEGAL 
L L L MODE MRS ILLEGAL 
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Function Truth Table (cont.) 
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Current state cS RAS CHS WE Address Command Operation 


Read with 
auto-precharge 


Write 





H x x x xX DESL Continue burst to end 
and precharge 

L H H -H x NOP Continue burst to end 
and precharge 

L H H LX BST ILLEGAL 

t H L H BA,CA,A8 READ/READA ILLEGAL 

L H L L BA, CA,A8 WRITWRITA ILLEGAL 

L L H H BA, RA ACTV Other bank active’ 
ILLEGAL on same bank 

L L H L BA, A8 PRE, PALL ILLEGAL 

L L L H xX REF, SELF ILLEGAL 

L L L L MODE MRS ILLEGAL 

H xX xX x x DESL Continue burst to end 

L H H H x NOP Continue burst to end 

L H H L x BST Burst stop on full page 

L H L H BA,.CA,A8 READ/READA Term burst and New read 

L H LL ____BA,CA,A8.-“ WRITWRITA Term burst and New write 

L L H H  BA,RA ACTV Other bank active’3 
ILLEGAL on same bank 

L L H L BA, A8 PRE, PALL Term burst write and 
Precharge’2 

L L H x REF, SELF ILLEGAL 
L L L L MODE MRS ILLEGAL 
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Function Truth Table (cont.) 
Current state CS ## RAS CAS WE Address Command Operation 
Write with H X xX X X DESL Continue burst to end 
auto-precharge and precharge 
LH oH HX NOP Continue burst toend 
and precharge 
L H H L xX BST ILLEGAL 
L H L H BA,CA,A8 READ/READA ILLEGAL 
L H L L BA,CA,A8 WRIT/WRITA ILLEGAL 
L L H H BA, RA ACTV Other bank active*3 
ILLEGAL on same bank 
L L H L BA, A8 PRE, PALL ILLEGAL 
L L L H xX REF, SELF ILLEGAL 
| L L L tL © MODE MRS ILLEGAL 
Refresh H X xX xX xX DESL Enter IDLE after tac 
(auto-refresh) 
L H H H X NOP Enter IDLE after tac 
L H H L X BST Enter IDLE after tac 
L H L H BA,CA,A8 READ/READA ILLEGAL 
L H L L BA,CA,A8 WRITMWRITA ILLEGAL 
L L H H BA, RA ACTV ILLEGAL 
L L H L BA,A8 | PRE, PALL ILLEGAL 
L L H X REF, SELF ILLEGAL 
L L L L MODE MRS ILLEGAL 





Note 1. H: Vipy. b: Vip. X: Vy or Vip. 
The other combinations are inhibit. 
2. An interval of try, is required between the final valid data input and the precharge command. 
3. If tary is not satisfied, this operation is illegal. 
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From (PRECHARGE] 


To [DESL], [NOP] or [BST]: When these 
commands are executed, the synchronous 
DRAM enters the IDLE state after tpp has 


elapsed from the completion of precharge. 


From (IDLE) 


To [DESL], [NOP], [BST], [PRE] or 
{PALL}: These commands result in no 
operation. 

To [ACTV}: The bank specified by the address 
pins and the ROW address is activated. 

To (REF), [SELF]: The synchronous DRAM 
enters refresh mode (auto-refresh or self- 
refresh). 

To [MRS): The synchronous DRAM enters the 
mode register set cycle. 


From [ROW ACTIVE] 


To ([DESL], [NOP] or [BST]: These 
commands result in no operation. 

To (READ), [READ AJ: A read operation 
Starts. (However, an interval of trpcp is 
required.) 

To [WRIT], [WRIT A): A write operation 
starts. (However, an interval of tpcp is 
required.) 

To [ACTV): This command makes the other 
bank active. (However, an interval of tarp is 
required.) Attempting to make the currently 
active bank active results in an illegal 
command. 

To [PRE], (PALL): These commands set the 
synchronous DRAM to precharge mode. 
(However, an interval of tras is required.) 
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From [READ] 


To (DESL), [NOP]: These commands 
continue read operations until the burst 
operation is completed. 

To (BST): This command stops a full-page 


burst. 

To [READ], [READ A]: Data output by the 
previous read command continues to be output. 
After CAS latency, the data output resulting 
from the next command will start. 

To [WRIT], [WRIT A]: These commands 
stop a burst read, and start a write cycle. 

To [ACTV]}: This command makes other 
banks bank active. (However, an interval of 
trrRD is required.) Attempting to make the 
currently active bank active results in an illegal 
command. 

To [PRE], [PALL]: These commands stop a 
burst read, and the synchronous DRAM enters 
precharge mode. 


From [READ with AUTO-PRECHARGE] 


To [DESL], [NOP]: These commands 
continue read operations until the burst 
operation is completed, and the synchronous 
DRAM then enters precharge mode. 

To [ACTV]: This command makes other 
banks bank active. (However, an interval of 
trrp is required.) Attempting to make the 
currently active bank active results in an illegal 
command. 


From [WRITE] 


To [DESL], [NOP]: These commands continue 
write operations until the burst operation is 
completed. 

To [BST]: This command stops a full- 
page burst. 

To [READ], [READ A): These commands 
stop a burst and start a read cycle. 

To [WRIT], [WRIT A]: These commands 
stop a burst and start the next write cycle. 

To [ACTV}:This command makes the other 
bank active. (However, an interval of tren is 
required.) Attempting to make the currently 
active bank active results in an illegal 
command. 

To [PRE], [PALL]: These commands stop 
burst write and the synchronous DRAM then 
enters precharge mode. 
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From [WRITE with AUTO-PRECHARGE] 


To [DESL], [NOP]: These commands continue 
write operations until the burst is completed, 
and the synchronous DRAM enters precharge 
mode. 

To [ACTV): This command makes the other 
bank activ. (However, an interval of tpc is 
required.) Attempting to make the currently 
active bank active results in an illegal 
command. 


From [REFRESH] 


To [DESL], {NOP}, [BST}: After an auto-. 
refresh cycle (after tac), the synchronous 


DRAM automatically enters the IDLE state. 
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Simplified State Diagram 


== Automatic transition after completion of command. 
—- Transition resulting from command input. 


Note: 1. After the auto-refresh operation, precharge operation is performed automatically and enter the 
IOLE state. 
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Mode Register Configuration 


The mode register is set by the input to the address 
pins (AO to A9) during mode register set cycles. 
The mode register consists of five sections, each of 
which is assigned to address pins. 


°A9 and A8: (OPCODE) 

The synchronous DRAM has two types of write 
modes. One is the burst write mode, and the other 
is the single write mode. These bits specify write 
mode. 


Burst read and BURST WRITE 

Burst write is performed for the specified burst 
length starting from the column address 
specified in the write cycle. 

¢Burst read and SINGLE WRITE 

Data is only written to the column address 
specified during the write cycle, regardless of 
the burst length. 
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°A7 
Keep this bit Low at the mode register set cycle. 


*A6, AS, A4: (LMODE) 
These pins specify the TAS latency. 


°A3: (BT) 
A burst type is specified. When full-page burst is 
performed, only “sequential” can be selected. 


*A2, Al, AO: (BL) 
These pins specify the burst length. 


pas jas [a7 [as | as [ae [as | a2 [ar | ao | 
Th} 


}OPcopE | o | umope | aT | 


| 0} 0| Burst read and burst write 
Ce ee, ae 
[| 1 | 0 | Burst read and SINGLE WRITE _| 
(Ea Se, ieee! 


F.P. =Full Page (256) 
R is Reserved(inhibit) 
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[Stating Ad. | Addressing(decimal) 


[Stating Ad.| Addressing(decimal) 
|At_| Ao | Sequence | interleave 


| __A0__| Sequence | interleave | 









Burst length = 8 . 
Addressing(decimal) . 
Paz] at | Ao] Sequence edanve 








| of] 01/6 1,2 3,4 5,6 7,]0, 1,2, 3, 4 5, 6 7, | 
| o| o| 114,23, 4 5, 6 7, 0 
| of 1] 0) 23456704123016 7,4 5 | 
| Oo} 1] 1134567012 132140, 7,6, 5 4 | 
| if o| of 45,6 7,0, 1, 2 3, 
| 1] of 1/567061423 4 |5, 4 7, 6 1,0, 3, 2 | 
1] 1] 01670142345, 16 7, 4 5,2 3, 0,1, | 
| tt 11 1170142345 6 17,65, 4 3,2 1, 0, 
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Operation of HM5241605 Series 


Read/Write Operations 


*Bank active 

Before executing a read or write operation, the 
corresponding bank and the row address must be 
activated by the bank active (ACTV) command. 
Either bank 0 or bank 1 is activated according to 
the status of the AQ pin, and the row address (AX0 
to AX8) is activated by the AO to A8 pins at the 
bank active command cycle. An interval of tacp 
is required between the bank active command 
input and the following read/write command input. 


*Read operation 

A read operation starts when a read command is 
input. Output buffer becomes Low-Z in the (CAS 
Latency - 1) cycle after read command set. 
HM5241605 series can perform a burst read 


operation. 


CAS Latency 





; ‘reo : 
Command 


ys oh Nea as a ee ee 
nacre 
~ | = $a 
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The burst length can be set to 1,2,4,8 or full- 
page(256). The start address for a burst read is 
specified by the column address (AYO to AY7) 
and the bank select address (A9) at the read 
command set cycle. In a read operation, data 
output starts after the number of cycles specified 
by the CAS Latency. The CAS Latency can be set 
to 1,2,3. 

When the burst length is 1, 2, 4, or 8, the Dout 
buffer automatically becomes High-Z at the next 
cycle after the successive burst-length data has 
been output. 

When the burst length is full-page(256), data is 
repeatedly output until the burst stop command is 
input. 

The CAS latency and burst length must be 
specified at the mode register. 










CL: TAS Latency 
Burst Length a 4 





Dout ma (ou Ch out TX out ZK out J) 
(out QXout out 2X out Nout 4X out SKout 6X out 7) 


BL es 


(out CXowt TXout 2X out 3Xout 4X out SKout 6 Kout 7Xout 8) 


BL « full page (256) 





BL: Burst Length 
CAS Latency = 2 
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Read/Write Operations (cont.) 


“Write operation 
Burst write or single write mode is selected by the 
OPCODE (A9, A8) of the mode register. 


(1) Burst write: A burst write operation is 
enabled by setting OPCODE(A9, A8) to (0, 0). A 
burst write starts in the same cycle as a write 
command set. (The latency of data input is 0.) 
The burst length can be set to 1, 2, 4, 8, and full- 
page, like burst read operations. The write start 
address is specified by the column address (AYO to 
AY7) and the bank select address (A9) at the write 
command set cycle. 


Burst Write 


HMS5241605 Series 


(2) Single write: A single write operation is 
enabled by setting OPCODE(A9, A8) to (1, 0). In 
a single write operation, data is only written to the 
column address (AYO to AY7) and the bank select 
address (A9) specified by the write command set 
cycle without regard to the burst length setting. 
(The latency of data input is 0). 


Ta Cn OX X MEX) : 


BL «8 


Lint Kin2Xina Kina Xins Kins Kin7) 


Lin oX int Xin2X ina Xin 4 Kins Xin Xin7 X in 8 } 


BL = full page (256) 


Single Write 





CES Latency = 1, 2,3 


FSP Sgsgeseea eee 


: trop 


CAS Latency = 1,2,3 
Burst Length = 1, 2, 4, 8, full page 
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HM5241605 Series 
Read/Write Operations (cont.) 
*Read with auto-precharge: In this operation, | The command executed for the same bank after the 


since precharge is automatically performed after execution of this command must be the bank active 
completing a read operation, a precharge command (ACTV) command. In addition, an interval 





need not be executed after each read operation. defined by lapp is required before execution of the 
next command. 
TAS latency Precharge start cycle 
3 | 2 cycle before the final data is output 
2 1 cycle before the final data is output 
1 same cycie as the final data is output 








ee NET oe pry ok Fe a 1 ee 


! a 






Note: Internal auto-precharge starts at the timing indicated by ° v" 
At CLK = 33 MHz (lapp_ changes depending on the operating frequency. 
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Read/Write Operations (cont.) 


¢Write with auto-precharge: In this operation, 
since precharge is automatically performed after 
completing a burst write or single write operation, 
a precharge command need not be executed after 
each write operation. 


Burst Write (Burst Length-= 4) 


HMS5241605 Series. 


The command executed for the same bank after the 
execution of this command must be the bank active 
(ACTV) command. In addition, an interval of 
lapw is required between the final valid data input 
and input of the next command. . 
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Full-page Burst Stop 


*Burst stop command during burst read: The 
burst stop (BST) command is. used to stop data 
output during a full-page burst. The BST 
command sets the output buffer to High-Z and 


HMS5241605 Series 


The timing from command input to the last data 
changes depending on the CAS latency setting. 
When the CAS latency is 3, the data becomes 
invalid two cycles after the BST command. In 
addition, the BST command is valid only during 
full-page burst mode, and is invalid with burst 
lengths of 1, 2, 4, and 8. 


BST to high impedance 





Stops the full-page burst read. 

TES latency BST to valid data 
1 0 
2 1 


1 
2 


¢ 
t 


(9 O>KYYW{ 
ceases anemia cat 


‘ 

' 

s 

(out X_out_  X_ ot XK out_ YX out_) 
& J 





———— Pt Insy = 3 cycle 
lagn= 1 cycle 
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Full-page Burst Stop (cont.) 


eBurst stop command at burst write: The burst 
stop command (BST command) is used to stop 
data input during a full-page burst write. Data is 
still written in the same cycle as the BST 
command, but no data is written in subsequent 
cycles, 


Burst Length = full page 


HM5241605 Series 


In addition, the BST command is only valid during 
full-page burst mode, and is invalid with burst 
lengths of 1, 2,4, and 8. And an interval of taw, 
is required between the BST command and the 
next precharge command. 





Command Intervals 


Read command to Read command interval 

(1) Same bank, same ROW address: When 
another read command is executed at the same 
ROW address of the same bank as the preceding 
read command execution, the second read can be 
performed after an interval of no less than 1 cycle. 


HM5241605 Series 


Even when the first command is a burst read that 
is not yet finished, the data read by the second 
command will be valid. 


READ to READ Command Interval (same ROW address in same bank) 





(2) Same bank, different ROW address: When 
the ROW address changes on same bank, 
consecutive read commands cannot be executed; it 
is necessary to separate the two read commands 
with a precharge command and a bank-active 
command. 


READ to READ Command Interval (different bank) 


Burst Length = 4 
Banko 


(3) Different bank: When the bank changes, the 
second read can be performed after an interval of 
no less than 1 cycle, provided that the other bank 
is in the bank-active state. Even when the first 
command is a burst read that is not yet finished, 
the data read by the second command will be 
valid. 


Command “iene X— Neen KONE 


(A0-AB) —X sero ne fen amd 3 


BS(A9) 


Dout 





Burst Length = 4 


Command Intervals (cont.) 


Write command to Write command interval 

(1) Same bank, same ROW address: When 
another write command is executed at the same 
ROW address of the same bank as the preceding 
write command, the second write can be 
performed after an interval of no less than | cycle. 


HM5241605 Series 


In the case of burst writes, the second write 
command has priority. 


WRITE to WRITE Command Interval (same ROW address in same bank) 





(2) Same bank, different ROW address: When 
the ROW address changes, consecutive write 
commands cannot be executed; it is necessary to 
separate the two write commands with a precharge 
command and a bank-active command. 


WRITE to WRITE Command Interval (different bank) 





Burst Write Mode 
Burst Length = 4 
Banko 


(3) Different bank: When the bank changes, the 
second write can be performed after an interval of 
no less than 1 cycle, provided that the other bank 
is in the bank-active state. In the case of burst 
write, the second write command has priority. 


Burst Write Mode 
Burst Length = 4 
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HM5241605 Series 
Command Intervals (cont.) 


*Read command to Write command interval 

(1) Same bank, same ROW address: When the However, DQML/DQMU must be set High so that 
write command is executed at the same ROW the output buffer becomes High-Z before data 
address of the same bank as the preceding read input. 

command, the write command can be performed 

after an interval of no less than 1 cycle. 


READ to WRITE Command Interval 





(2) Same bank, different ROW address: When (3) Different bank: When the bank changes, the - 
the ROW address changes, consecutive write write command can be performed after an interval 
commands cannot be executed; it is necessary to _— of no less than 1 cycle, provided that the other 
separate the two write commands with a precharge — bank is in the bank-active state. However, 
command or a bank-active command. DQML/DQMU must be set High so that the 
output buffer becomes High-Z before data input. 
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Command Intervals (cont.) 


¢Write command to Read command interval 

(1) Same bank, same ROW address: When the 
read command is executed at the same ROW 
address of the same bank as the preceding write 
command, the write command can be performed 
after an interval of no less than 1 cycle. 


WRITE to READ Command Interval (1) 





‘eens a Burst Write Mode 
Cotwnne® = Cotumnnd CAS Latency = 1 
Repad Oost 





HM5241605 Series 


However, in the case of a burst write, data will 
continue to be written until one cycle before the 
read command is executed. 


Burst Write Mode 
CAS Latency al 


Burst Length = 4 
Banko 





Burst Length = 4 
| Banko | 


(2) Same bank, different ROW address: When 
the ROW address changes, consecutive write 
commands cannot be executed; it is necessary to 
separate the two write commands with a precharge 
command and a bank-active command. 


(3) Different bank: When the bank changes, the 
write command can be performed after an interval 
of no less than 1 cycle, provided that the other 
bank is in the bank-active state. However, in the 
case of a burst write, data will continue to be 
written until one cycle before the read command is 
executed (as in the case of the same bank and the 
same address). 
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HM5241605 Series 
' Command Intervals (cont.) 


*Read command to Precharge command To read all data by burst read, the cycles defined 
interval (same bank): When the precharge _ by Igp must be assured as an interval from the final 
command is executed for the same bank as the read data output to precharge command execution. 
command that preceded it, the minimum interval 

between the two commands is one cycle. 

However, since the output buffer then becomes 

High-Z after the cycles defined by ly7p, there is a 

possibility that burst read data output will be 

interrupted, if the precharge command is input 

during burst read. 


READ to PRECHARGE Command Interval (same bank): To output all data 


CAS Latency = 1, Burst Length = 4 
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HM5241605 Series 


Command Intervals (cont.) 
READ to PRECHARGE Command Interval (same bank): To stop output data 


CAS Latency = 1, Burst Length = 1,2, 4,8 





Command Intervals (coat.) 


“Write command to Precharge command 
interval (same bank): When the precharge 
command is executed for the same bank as the 
write command that preceded it, the minimum 
interval between the two commands is 1 cycle. 


HM5241605 Series 


However, if the burst write operation is unfinished, 
the input data must be masked by means of DQMU 
and DQML for assurance of the cycle defined by 


RWL:- 


WRITE to PRECHARGE Command Interval (same bank) 


Burst Length = 4 (To stop write operation) 
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Command Intervals (cont.) 

Bank active command interval (2) In the case of different bank-active 
(1) Same bank: The interval between the two commands: The interval between the two bank- 
bank-active commands must be no less than trc. active commands must be no less than trrp. 


Bank active to bank active for same bank 





5 
z 


Mode register set to Bank-active command 
interval: The interval between setting the mode 
register and executing a bank-active command 
must be no less than tas. 
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DQM Control 


The DQML and DQMU mask the lower and upper 
bytes of the I/O data, respectively. The timing of 
DQML/DQMU is different during reading and 
writing. 


Reading: When data is read, the output buffer 
can be controlled by DQML/DQMU. 

By setting DQML/DQMU to Low, the output 
buffer becomes Low-Z, enabling data output. By 
setting DQML/DQMU to High, the output buffer 
becomes High-Z, and the corresponding data is not 
output. However, internal reading operations 
continue. The latency of DQML/DQMU during 
reading is 2. 


DQMUA. 
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Writing: Input data cam be masked by 
DQML/DQMU. By setting DQML/DQMU to 
Low, data can be written. In addition, when 
DQML/DQMU is set to High, the corresponding 
data is not written, and the previous data is held. 
The latency of DQML/DQMU during writing is 0. 


vOfeuput 


lpop = 2 Latency! 


Writing 
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Refresh 


*Auto-refresh 

All the banks must be precharged before executing 
an auto-refresh command. Since the auto-refresh 
command updates the interval counter every time it 
is executed and determines the banks and the 


ROW addresses to be refreshed, external address 


specification is not required. The refresh cycle is 
1,024 cycles/16 ms. (1,024 cycles are required to 
refresh all the ROW addresses.) The output buffer 
becomes High-Z after auto-refresh start. In 
addition, since a precharge has been completed by 
an internal operation after the auto-refresh, an 
additional precharge operation by the precharge 
command is not required. 


*Self-refresh 

After executing a self-refresh command, the self- 
refresh operation continues while CKE is held 
Low. During self-refresh operation, all ROW 
addresses are refreshed by the internal refresh 
timer. A self-refresh is terminated by a self-refresh 
exit command. After the self-refresh, since it is 
impossible to determine the address of the last 
ROW to be refreshed, an auto-refresh should 
immediately be performed for all addresses (1,024 
cycles). 


HM5241605 Series 
Others 


*Power-down mode 

The synchronous DRAM enters power-down 
mode when CKE goes Low in the IDLE state. In 
power down mode, power consumption is 
suppressed by deactivating the input initial circuit. 
Power down mode continues while CKE is held 
Low. In addition, by setting CKE to High, the 
synchronous DRAM exits from the power down 
mode, and command input is enabled from the 
next cycle. In this mode, internal refresh is not 
performed. 


eClock suspend mode 

By driving CKE to Low during a bank-active or 
read/write operation, the synchronous DRAM 
enters clock suspend mode. During clock suspend 
mode, external input signals are ignored and the 
internal state is maintained. When CKE is driven 
High, the synchronous DRAM terminates clock 


_ suspend mode, and command input is enabled 


from the next cycle. For details, refer to the "CKE 
Truth Table”. 


*Power-up sequence 

During power-up sequence, the DQML/DQMU 
and the CKE must be set to High. When 100 is 
has past after power on, all banks must be 


_ precharged using the precharge command. After 


trp delay, set the mode register. And after tpca 
delay, execute two cycles of auto-refresh operation — 
as dummy, an interval of tac is required between 
two auto-refresh commands. 
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Absolute Maximum Ratings 

Parameter Symbol Value Unit 
Voltage on any pin relative to Vss Vy —1.0 to +4.6 V 
Supply voltage relative to Vgc Voc 1.0 to +4.6 V 
Short circuit output current lout 50 mA 
Power dissipation . Pr 1.0 Ww 
Operating temperature | Topr 0 to +70 °C 
Storage temperature Tstg ~55 to +125 °C 





Recommended DC Operating Conditions (Ta = 0 to +70°C) 














Parameter Symbol Min Max Unit Note 
Supply voltage Veco: VecQ_—s 3.0 3.6 Vv 1 

| Vss.VgsQ 0 0 Vv 
Input high voltage Ving 2.0 4.6 V 1,2 
Input low voltage”. Vir 0.3 | 0.8 Vv 1,3 





Notes: 1. All voltage referred to Vss 
2. Vip (max) = 5.5 V for pulse width < 5 ns 
3. Vi_ (min) =—1.0 V for pulse width < 5 ns 


a) 


HM5241605 Series 
DC Characteristics (Ta = 0 to 70°C, Vcc, VecQ = 3.3 V0.3 V, Vss, VgsQ = 0 V) 









































HM5241605 
“15 “17 20 
Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes, 
Operating current loci — 80 — 70 — 65 mA Burst length=1 1,2 
tac = min 
Standby current loce —- 3 — 3 — 3 mA CKEeV,, tc, = min 
(Bank Disable) 
— 2 — 2 — 2 mA CKEaVy 
CLK=Vy of Vy, Fixed 
—- 2 — 22 — 20 mA) CKE=Vy, 3 
NOP command 
tox = min 
Active standby current Iocg — 7 — 7 — 7 mA CKEaVy tex=min, 1,2 
(Bank active) VO=sHigh-Z 
t 3 
—- 30 — 26 —.23 mA CKEseV,,, 1,2,3 
NOP command 
tex = min, VO » High-Z 
Burst operating (CL=1) Iog, — 55 — 50 — 45 mA ‘to = min 1,2 
current (CL=2) — 10 — 90 — 80 mA 
(CL«=3) — 16 — 9 — 8 mA 
Refresh current locs — 70 — 6 — 60 mA tao=min 
Self refresh current locs — 2 — 2 — 2 MA Vyi2 Veo— 0.2 
Vues 0.2V 
Input leakage current ly -10 10 -10 10 =-10 10 pA OsVins Voc 
Output leakage current ILo “10 10 -10 10 -10 10 pA 0s Vars Voc 
VO = disable 
Output high voltage Vou 24 — 24—- 24— #V lon 2-2 MA 
Output low vohage Vor —- 04 — 04 — 04 %V ly, = 2 MA 





Notes: 1. i¢¢ depends on output load condition when the device is seiacied. icc (max) is specified at the 
output open condition. 
2. One bank operation. 
3. Input signal transition is once per two CLK cycies. 


€ 
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Capacitance (Ta = 25°C, Vcc: VecQ =3.3V+0.3 V) 











Parameter Symbol Typ Max Unk Notes 
Input capacitance (Address) Ci _ 5 pF 1,3 
input capacitance (Signals) Cio _ 5 pF 1,3 
Output capacitance (VO) Co _ 7 pF 1,2,3 





Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. DQMU/L = Vj}; to disable Dout. 
3. This parameter is sampled and not 100% tested. 


AC Characteristics (Ta = 0 0 70°C, Voc, VocQ = 3.3 Vt 0.3 V, Vss, VgsQ =0 V) 
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“15 “17 -20 

Parameter Symbol Min Max Min Max Min Max Unit Notes 
System clock (Clei) tox 30 _ 35 _~ 40 _ ns 
cycle time (CL=2, 3) 15 - 17.5 _ 20 _ ns 1 
CLK high pulse width ty «6 OCC t«S ae = te 4 
CLK low pulse width tex.  §& _ 7 _ 8 _ ns 1 
Accesstime (Cl=1) tac —_ 30 _- 34 — 38 ns 1,2 
from CLK (CL=2) _ 15 _ 165 — 18 ns 1,2 

(CL=3) _ 13 _ 55 — 18 ns 1,2 
Readcommand (Cle1,2) tack — 30 _ 34 _ 38 ns 1 
to data valid ime (CL=3) - 43 _ 50.5 — 58 ns 1 
Data-out hold time (CL=1) toc 4 _ 4 _ 4 _ ns 1,2 

(CL=2, 3) 2 _ 2 _ 2 _ ns 

CLK to Data-out tz 0 _ 0 _ 0 _ ns 1,2 
low impedance 
CLK to Data-out (Ciel) ty 4 15 4 17 4 19 vs 
high impedance (CLx2, 3) 2 10 2 12 2 14 ns 1,3 
Data-in setup time tos 4 _ 4 _ 4 _ ns 1 
Data in hold time tou 2 <_ 2 _ 2 - ns 1 
Address setup time tas 4 - 4 _ 4 _ ns 1 
Address hold time taH 2 _ 2 _— 2 _ ns 1 
CKE setup time tces 4 _ 4 _ 4 _— ns 1 





R 





HM5241605 Series 
AC Characteristics (Ta = 0 to 70 °C, Vcc = 3.3 Vt 0.3 V, Veg = 0 V)(cont.) 
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15 “17 -20 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
CKE setup time for tcesp 13 - 1§ — 17 _ ns 1 
power down exit 
CKE hold time tceH 2 = 2 = 2 _ ns 1 
Command(CS, RAS, CAS, tes 4 — 4 _ 4 — ns 1 
WE, DOM ) setup time 
Command(CS, RAS, CAS, toy 2 — 2 — 2 — ns 1 
WE,DOM ) hold time 
Ref/Active to Ret/Active tac 110 _ 120 — 130 _ ns 1 
command period 
Active to Precharge tras 70 10000 75 10000 80 10000 ns 1 
command period 
Active to precharge trasc — g0000  — go0o00 — 80000 ns 1 
on full page mode 
Active command to tacp 30 _ 35 _ 40 _ ns 1 
column command 
(same bank) 
Precharge to active trp “4 _ 34 oa 40 _ ns 1 
command period 
The last data-in to tawL =: 90 = 35 - 40 _ ns 
Precharge lead time 
Active (a) to Active(b) tann 30 _ 35 —. 40 _ ns 1 
command period 
Register set to tasa =: 90 _ 35 _ 40 _ ns 1 
active command 
Transition time (rise to fall) ty 1 5 1 5 1 ) ns 
Refresh period trRer 16 _ 16 _ 16 ms 


Notes: 1. AC measurement assumes ty = 1 ns. Reference level for timing of input signals is 1.40 V. 
2. Access time is measured at 1.40 V. Load condition is CL = 50 pF with current source. 
3. tz (max) defines the time at which the outputs achieves + 200 mV. 
Load condition is CL = 5 pF with current source. 
4. toes define CKE setup time to CKE rising edge except power down exit command. 
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Relationship Between Frequency and Minimum Latency 






































HM5241605 
“15 “17 -20° 

Parameter ee 
Frequency (MHz) 66 33 §7 28.5 50 8=— 25 
tex (ns) Symbol 15 30 17.5 35 20 -40 Notes 
Active command to column tacp 2 = 1 2 1 2° 1 
command (same bank) 
Active command to active tac 8 65 7 4 7 4 = # [tras + tap] 
command (same bank) 
Active command to precharge tras 5 3 § 3 4 2 
command (same bank) 
Precharge command to active trp 3 2 2 1 2 1 
command (same bank) 
Last data input to precharge taWL 2 1 2 1 2 1 
command (same bank) 
Active command to active trRo 2 1 ‘2 1 2 1 
command (different bank) 
Last data in to active command lapw 5 3 4 2 4 2 = [tawt + tap] 
(Auto precharge, same bank) ; 
Self refresh exit to command input Isec 8 4 7 4 7 4 = (tac) 
Precharge command to high impedance = Ip 
(CAS latency = 3) 3 3 3 3 3 
(CAS latency = 2) 2 2 2 2 2 2 
(CKS latency = 1) — 1 — 1 — 1 
Last data out to active command laPR 
(auto precharge) (CAS latency = 2, 3) 2 1 1 0 1 0 = sl{tapj-1 
(same bank) (CAS latency = 1) — 2 — 1 — 1 = (tap) 
Last data out to precharge lep | 
(early precharge) (CAS latency = 3) 2 -2 -2 -2 2 -2 

(CAS latency = 2) -1 <1 -1 -1i -1 -1 

= 1) — oO _— 0 — oO 

Column command to column command = Iocp 1 1 1 1 1 1 
Write command to data in latency woo 0 0 0 0 0 0 
DOM to data in IpID an) 0 0 0 0 
DOM to data out lpoo 2 2 2 2 2 2 
CKE to CLK disable loLE 1 1 1 1 1 1 





& 
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Relationship Between Frequency and Minimum Latency (cont.) 























HM5241605 

15 “17 -20 
Frequency (MHz) 6 33 57 285 50 25 
tex (ns) Symbol 15 30 17.5 35 20 “40 Notes 
Register set to active command tasa 2 1 2 1 2 1 
CS to command disable loop 0.600 0 0 0 0 
Power down exit to command input = Ipec 1 1 1 1 1 1 
Burst stop to output valid data hold = igsr 
(CAS latency =1) — 0 —_ 0 — oO 
(CAS latency =2, 3) 1 1 1 1 1 1 
Burst stop to output high impedance Iggy 
(CAS latency = 1) — 1 _ 1 — 1 
(CAS latency = 2) 2 2 2 2 2 2 
(CAS latency = 3) 3 3 3 3 3 3 
Burst stop to write data ignore lasw 1 1 1 1 1 1 





Note: 1. taco to tarp are recommended value. 
2. CL = CAS latency. 
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Timing Waveforms 
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Write Cycle 


Fa ppp pnp 


fara ta ee 
ms ZZ = =n HWE = 
Wh ei x LLL a 


mn TELL ail WLLL "exc 
aa ZIT YL VL penal m7 


LD WZ. oe ee VL iV 
ss LK | XU WILLE LEE VLE x1) U, 


adcess LLL sie iow MM, an’ 


pom. LLL mot | | [= SaaS 


~ ines 
ri cee 
length = 4 


Bank 0 Bank 0 Burst 
poral Wiito Prechange Bank 0 Access 





41 


( 





Mode Register Set Cycle 
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LLL UML 


Burst Length = 4 
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HM5241605 Series 
Read/Single Write Cycle 


DOMUA 


a a a = a= 
sae Wee fas | !} 


gus ZA. LIT WL, _ LITLE. WZZZZ SIZE 


ZZZL. 
ages) ZZ! LZZZZ2A: LZ) CLLLLLLELLLLLLZ eX EDs ee 


Address LLRX CLLR ERLNEBXELLL ULI CBXZXOENE MLL 
DQMUA ULL LLL LLL LLL LLLLLL LEN La LILILL ALLL ALLL 


WE ZT CLLLLLG CT: LLL LLL. 


Gera 1 
seen 


Read/Single write 
FAS-CAS delay = 3 
CAS Latency = 3 
Burst length = 4 





_HM5241605 Series 
Read/Burst Write Cycle : 
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Read/Single write 
RASCAS delay «3 
CAS Latency ad 
Burst length = 4 
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Full Page Read/Write Cycle 
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Auto Refresh Cycle 









CKE aR ED pee : 
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HM5241605 Series 
Clock Suspend Mode 
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HM5241605 Series 


Power Up Sequence 
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HM5241605 Series 


Package Dimensions 
HMS5241605TT Series (TTP-50D) Unit: mm 
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HM5283206 Series PRELIMINARY Spec 


131, 072-word x32-bit x2-bank Synchronous Graphic RAM 


HITACHI 





All Inputs and outputs signals refers to rising ing Int ti 

edge of the clock input. The HM5283206 oideres nennetion 

provides 2 banks to realize better performance. 7 F 

8 column Block write and write per bit functions pyeene thane Eachsoe 

are added for graphic applications. HM5283206FP-20 S50MHz2 ~~ 100-pin 
-17. 57MHz plastic QFP 
-15 66 MHz 

Features sie, Soe 





HMS5283206TT-20 5SOMHz 400-mil 80-pin 


- 3.3V Power supply -17 57MHz _piastic TSOP I! 


- Clock frequericy 
80 MHz/66 MHz/57 MHz/50 MHz o: 8 ae 
- LVTTL interface : - 
- 2 Banks can operates simultaneously and 
independently 


- Burst read / write operation and burst read / 
single write operation capability 
» Programmabie burst length 
1/2/4/8 full page’ 
. Programmable burst sequence 
uential / interieave 
- Full page burst length capability 
Séquential burst 
burst stop capability 
- Programmabie CAS latency 
2/3 
- Byte contro! by DOM 
- 8 column biock write function with column 
address mask 
- Write per bit function ( old mask ) 
- 2 variations of refresh 
~ Auto refresh 
- Seif refresh ( 1024 refresh cycles : 16ms) 


Pretiminary : This document contains information on a 
‘new product. Specifications and information contained 
herein are subjected to change without notice. 


Pn te 


Hitacht . 
goth 7 ADE-203-223(Z 
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HM5283206 Series 
Pin Arrangement 
HM5283206FP Series 


100 pin QFP 
20X 14 mm2 
0.65 mm pitch 


85 
86 
87 
68 
89 
90 
91 
92 
93 
94 
95 
106 
97 
98 
99 


2BSESKSLE8S 


2 |100O 


eNOS MO” © 


8833 9338 





Pin Description 


Pin name Function Pin name Function 


AO—A9 Address input OQM Byte input/output mask 

— Row address AO—A8 CLK Clock input 

— Column addres | AO—A7 CKE Clock enable 
AQ Bank select addres BS Voo Power for internal circuit(3.3V) 
DQ0—DQ31 Data-input/out-put Vss Ground for internal circuit. 
/RAS Row address asserted Vvoo0a Power forDQ pin(3.3V) 

bank enable VssQ Gorund for DQ pin 
ICS Chip select OSF Special function input flag 
/CAS Column address assreted , NC No connection 
WE Write enabie FP TBD 
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Pin Functions 


CLK(Input pin): Clock provides the fundamental 
timing signal . The other input signals refer CLK 
rising edge. 


‘CS(input pin): By setting /CS to low level, 
commands are ready to be accepted. 


JRAS, /CAS, /WE, DSF(input pins): Ail these 
pins are used to issue commands. 


AO-A&(input pins): Row address (AX0-AX8) is 
acquired through AO0-A8 pins when bank active 
commands are executed. Column address (AYO- 
AY7) is acquired through AO-A7 when read or 
write commands are executed. A8 determines 
precharge mode when precharge commands are 
issued . If A& is low, select bank goes into 
precharge process. !f A8 is high, all banks are 
selected for precharge operation. 


A&Sinput pins): AQ is a bank select signal(BS). 
In case A9 = ‘0’, bank 0 is selected. In case A9 
= ‘I',bank 1 is selected. 


HM5283206 Series 


CKE(input pin): By referring low level on CKE 
pin, HM5283206 determines to go into clock 
suspend modes or power down modes. in seif 
refresh mode, low level on this pin is also 
referred to tum on refresh process. 


DQMO, DQM1, DQM2 and DQM3(input pins): 
DQM controis DQ0-DQ7. DQM1 controls DQ8 
-DQ15. DQM2 controls 0Q16-DQ023. DQM3 
controls 0Q24-0Q31. In read mode, referring 
high level on DQM_ pins, HM5283206 floats 
related DQ pins. In write mode, referring high 
level on OQM pins, HM5283206 ignores input 
data through related DQ pins. 


DQ0-0G31i(input/output): These are the data 
line for the HMS283206. 


VoD, VSS, vODaQ, VSSQ(Power supply): 
VOD and VSS are power supply pins for 
intemal circuits. VDDQ and VSSQ are power 
supply pins tor OQ buffers. 
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HM5283206 Series 


Block Diagram 


512 row x 256 column x 32 bit 


: 
LE 


Control logic & 
timing generator 
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HM5283206 Series 


Simplified State Diagram 


Auto 
Refresh 


oma Automatic transition after completion of command 
——— Transition resulting from command input. 


Note.1.After the auto-refresh operation, precharge operation is performed automatically and enter 
the IDLE state. 
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HM5283206 Series 





Command Operation 



































Command Truth Table 
The HM5283206 recognizes the following commands specified by the /CS, /RAS, /CAS,-/WE, DSF and 
address pins. 

CKE 
Function n-1 nm /CS /RAS /CAS MWE DSF AS A8 = A7-0 
ignore Command DESL H XxX H Xx x x x x x x 
No operation NOP x L H L x »§ 
Burst stop in full page BST H X -L &H H L tL ®©X x x 
Column address & read command READ H X -L 4H L H tL OV L Vv 
Read with auto precharge READA H xX L H L H L Vv H Vv 
Column address & write command WRIT H xX L H L L L Vv L Vv 
Write with auto precharge WRITA H XxX L H L L tL Vv H Vv 
Row address strobe and bank act. ACTV H xX LoL H H Lvov Vv 
Precharge select bank PRE H XxX L L H L L Vv L x 
Precharge ali banks PALL H X L L H L tL xX H x 
Mode tegister set MRS HX Lb oeL L L Lok L Vv 





Note: H:High level. L: Low level: X:H or L(Don't care). V:Valid address input 


ignore command[DESL]: When this command When full page read/write Is completed, it 


is set (/CS is high), the HM5283206 ignores automatically returns to the start address. and 

command input. internal operation is held. read/write is performed repeatediy. 

-No operation({NOP): This command is not an -Coiumn address strobe and read 

execution command and does not affect intemal command[READ}: This command starts read 

operation. operation. The start address of burst read is 
determined by the column address(AYO-AY7) and 

Burst stop in full-page{BST): This command the bank select. address ASQ. After the read 


stops the full page burst operation ( burst length is operation, the HM5283206 floats DQ output buffer. 
256 (iull-page)), and is illegal for the burst length 1, 

2, 4, 8. Full page burst continues until this 

command is input. 
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.Reed with suto-precharge([READ A]: This 
command automatically performs a precharge 
operation after a burst read with burst length 1, 2, 
4 or 8. When the burst length is full-page(256), 
this command Is illegal. 


Column address strobe and write 
command[WRIT]}: This command starts a write 
operation. When the burst write mode is selected, 
the column address (AYO-AY7) and the bank 
select address AS become the start address of 
burst write . When the single write mode is 
selected, data is onty written to the location 
defined by the colurnn address (AYO to AY7) and 
the bank select address AS. 


-Column address strobe and biock write 
command([BWRIT): By this command, the 
HM5283206 executes a block write with the data 
stored in the color register. The column biock 
address is given through AO-A7 pins at the same 
cycle when this command is issued. To go details 
about block write operation, refer to “Block write 
and write per bit". 


-Write with auto-precharge[WRIT A]: This 
command automatically performs a precharge 
operation after burst write or single write. For the 
full-page mode, this command is forbidden. 


-Block write with auto-precharge{BWRIT A): 
This command automatically performs a 
precharge operation after block write. 


-Row address strobe and bank activate 
_[ACTV}: This command activates the bank 
selected by AQ pin and determines the row 
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address (AX0-AX8), with refer to AO-A7 and A8 
pins. When BS is low, bank 0 is activated. When 
BS Is high, bank 1 is activated. 


-Row address strobe, bank activate and write 
per bit enable{ACTVM]: This command not only 
pertorms the operation executed by ACTV but also 
enables write per bit. To go detail about write per 
bit function, refer to "Block write and write per bit" 


-Precharge selected bank{PRE]: This cornmand 
starts precharge operation for the bank selected by 
A®. If AQ is low, bank 0 is selected. If A9 is high, 
bank 1 is selected. 


-Precharge all banks(PALL]}: This cornmand 
starts a precharge operation for all banks. 


-Refresh[REF/SELF}: This command starts 
refresh operation. There are two types of refresh 
operation. One is auto refresh(CBR type), the 
other is self-refresh. For details refer to the CKE 
truth table. 


-Mode register set(MRS): The HM5283206 has a 
mode register that defines how it operates. The 
mode register is specified by the address pins (A0- 
AQ) at the mode register set cycle. For details, refer 
to the mode register configuration. Just after power 
on, the contents of the mode register are undefined 
so that this command should be executed. 


-Special mode register set{SMRS)}: By this 
command, color register or mask register is set, 
with refer to A5 and A6 pins. For details, refer to 
“Special mode register configuration”. 








DQM Truth Table 

CKE 
Function n-1 nm OQMi 
Ith byte write enable/out put enable ENB i H xX L 
Ith byte write inpuvoutput disable MASKi H X 4H. 
Note: 11:High tevel. L: Low level. X:H or L(Don't care). ix0,1.2.3 


DQM for DQ0-0Q7, 00M1 for DO8-0015, DOM2 for 0Q16-DQ23, DOM3 for OQ24-DQ31 


The HM5283206 series can contro! DQ 
inpuVoutput buffers with use of DOMi(isd, 1, 2. 
3). DOMO controls DO0-DQ7. DQM1 controls 
DOs8-DQ15. DQM2 controls DO16-DQ23. DQM3 
controls DO24-0Q31. During read operation, as 
long as DOM i is low, corresponding DO output 
buffers are kept active so that data are driven out. 
In order to stop data output trough DQ pins, 
corresponding DOM pin shouid be set to high to 
float DO output. 


Ouring write operation, as long as DQMi pins low, 
data through corresponding DQ input buffers are 
driven into HM5283206. To stop new data through 
DO input buffers to keep the previous data, 
corresponding DOMi pin should be set to high. 
For details, refer to the DQM control section of the 
operating instructions. 
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CKE Truth Tabie 
CKE 

Current State Function n-1 n /CS /RAS /CAS WE ODOSF Address 
Active Clock suspend mode entry H LX xX KX X XK X 
Any Clock suspend tL LX x x x x D4 
Clock suspend Clock suspend mode exit L AR xX xX x x x x 
idle auto refresh command REF H HL L L H L Xx 
ite Self refresh entry SELF H LL L L H i x 
Idle Power down entry H Lt H 4H H L xX 
Selt refresh Seif refresh exit L HL H H H L x 

L HH xX x xX +L xX 
Power down Power down exit L HEL H H H L x 

L H H x x x x x 





Note: H:High level. L: Low leve!. X:H or L(Don't care). 


Clock suspend mode entry: 


The HM5283206 enters into clock suspend mode — 


from a@ctive mode by setting CKE to low. There are 
few. types of clock suspend mode depends on the 
state When CKE level is changed from ‘H' to “L'. 


“ACTIVE clock suspend: If CKE-transition(1 to 0) 
happens during bank active states, bank active 
status is kept. Any input signals are ignored in this 
mode. 


“READ and READ A suspend: {f CKE transition(1 
to 0) happens during read operation, read 
operation is kept going or DO output data is driven 
out until completion. Any input signals are ignored 
in this mode. 


-WRITE(BLOCK WRITE) and WRITE A(BLOCK 
WRITE A) suspend: If CKE-transition(1 to 0) 
happens during write operation, though any input 
signals inciude DQ input data ignored, write 
operation is kept going unti! compietion. Any input 
signals are ignored in this mode. 


.Clock suspend mode exit: By changing CKE 
level from 0 to 1, clock suspend mode is 
punctuated. 


ADLE: In this state, all banks are kept precharged 
and no banks are activating. ; 


.Auto-refresh command (REF): 

When this command is input from the JDOLE state, . 
the HM5283206 starts auto-refresh operation.(The - 
auto-refresh is the same as the CBR retresh of 
conventional DRAM.) During the auto-refresh 
operation, refresh address and bank select address 
Is internally generated. For every auto-refresh 
command, the internal address counter is updated. 
Accordingly, 1024 times are required to refresh the 
entire memory. Before executing the auto-refresh 
command, ali banks must be in the IDOLE state. 

No precharge commands are required after auto- 
refresh, since the precharge for all banks is 
automatically performed atter auto-refresh,. 


Seif-refresh entry(SELF): When this commans is 
input during the (OLE state, the HMS283206 starts 
self-refresh operation. After the execution of this 
command, seif-refresh continues while CKE is low. 
Since self-refresh is performed internally and 
automatically, external refresh operations are 
unnecessary. 
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-Power down mode entry: When this command -Power down exit: When this command is 


is executed during the IOLE state, the executed in the power down mode, the 
HMS283206 enters into the power down mode. In HM5283206 can exit from power down mode. After 
power down mode, power consumption is exiting from power down mode, the HM5283206 
suppressed by cutting off the initial input circuit. enters into the IOLE state. 


-Selt-refresh exit: 

When this command Is executed during 
self-refresh mode, the HM5283206 can exit from 
self-refresh mode. After existing the self-refresn 
mode, the HM5283206 enters into the IOLE state. 


Function truth table 


The following tables show how each command works and what command can be executed in the state 


given. 





























Current state /CS /RAS /CAS /WE DSF Address Command Operation 
Precharge H x x Xx x x DESL Enter idie after {RP 
L H H H L x NOP Enter idie after tRP 
L H H L L x BST ILLEGAL 
L H L H L BA,CA,A8 READ/A ILLEGAL 
L H L L L BA, CA,A8 WRITSA ILLEGAL 
L L H H L BA, RA ACTV ILLEGAL 
L L H L L BA, A8& PRE, PALL ILLEGAL 
L L L H L x REF, SELF ILLEGAL 
L L L L L MODE MRS ILLEGAL 
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Function Truth Table(cont.) 
Current state ‘CS /RAS ICAS WE OSF Address Command Operation 
idle H x xX x xX xX DESL NOP” 
L H 4H H kL xX NOP NOP 
t HH H b& LL xX _ BST NOP 
Ll eH b&FL Ht - BA,CA,AS READSA ILLEGAL 
L HH bk t- BA,CA,A8 WARITSA ILLEGAL 
L L H H L BA, RA ACTV Bank and row active 
L tc HH Lb -L_ BAAB PRE, PALL NOP 
tL tcleobkH bc xX REF, SELF Refresh 
bee Ob oe 


MODE MRS Mode register set . 








Row active H x x x x x DESL NOP 























L H H H L x NOP NOP 
L H H L L x BST NOP 
L H L H L BA, CA,A8 READ/SA Start read 
L H L L L BA, CA,A8S WRIT/A Start write 
L L H H L BA, RA ACTV Other bank active 
tlega!l on the same bank 
L L H L L BA, A8& PRE, PALL Precharge 
L L L H L- x REF, SELF ILLEGAL 





L L L L L MODE MRS ILLEGAL 








Note: H:High level. L: Low level. X:H or L(Don't care). 
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Function Truth Tabie(cont.) 
Current state /CS /RAS /CAS /WE DSF Address Command Operation 
Read H xXx x x x x DESL Continue operation 
L H H H L x NOP Continue operation 
L H H L L x BST Burst stop in full page 
t H L H L BA, CA,A8 READ/SA Start new read 
L 4 L L L BA,CA,A8 WRITA Start write 
L L H H L BA, RA ACTV Other bank active 
Ilegal on the same bank 
L L L L BA, A8& PRE, PALL Precharge 
Lt L L H L x _. REF, SELF ILLEGAL 





tL LL L L L MODE MRS ILLEGAL 





























Read with auto H x x x x x DESL Continue operation 
precharge L H H AH L x NOP Continue operation 

L a H L L x BST ILLEGAL 

L H L H L BA,CA,A8 READ/SA ILLEGAL 

L H L L BA, CA.A8 WRIT/A ILLEGAL 

L L H H L BA, RA ACTV Other bank active 

illegal on the same bank 

L L L L BA, A8& PRE, PALL ILLEGAL 

L L L H L x REF, SELF ILLEGAL 

tL bc ob &b& -L- MODE MRS —s ILLEGAL 





a 


Note: H:High level. L: Low level. X:H or L(Don't care). 






ULO 


HAL/SP 





HM5283206 Series 





























Function Truth Table(cont.) 
Current state ‘CS /RAS (CAS WE DSF Address Command Operation 
Write/Bwrite H Xx x x x x DESL Continue operation 
L H H H L X NOP Continue operation 
Ll .H H L L x BST Burst stop in full page 
L H L H L BA,CA,A8 READSA Start read 
L H L L L BA,CA,A8 WRIT/A Start new write 
L L H H L BA, RA ACTV Other bank active 
illegal on the same bank 
tL L H L L BA, A8& PRE, PALL Precharge 
L L H L x REF, SELF ILLEGAL 





L L L L lL MODE MRS ILLEGAL 


























Write/Bwrite with H x x x x x DESL Continue operation 
auto precharge L H H H L x NOP Continue operation 
L H H L L x BST (LLEGAL 
L H L H L BA,CA,A8 READ/A ILLEGAL 
L H L u &L BA,CA,A8 WRIT/A ILLEGAL 
L L H | Lt BA,RA ACTV Other bank active 
illegal on the same bank 
L BA, A& PRE, PALL ILLEGAL 
L L L H L x REF, SELF ILLEGAL 





L L L L t MODE MRS ILLEGAL 





Note: H:High level. L: Low level. X:H or L(Don't care). 
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Function Truth Tabie(cont.) 
Current state ‘CS /RAS /CAS /WE DSF Address Command Operation 
Retresh H x x x xX Xx DESL NOP 
L H H H L Xx NOP NOP 
L H H L L Xx BST NOP 
Ll H L H L BA,.CA.A8 READA ILLEGAL 
L eH cL tL BA,CAA8 WRITTA ILLEGAL 
L L H H L BA,RA ACTV ILLEGAL 
L L H L L BA, A8& PRE,PALL ILLEGAL 
L L L H L Xx REF,SELF ILLEGAL 
L L L 


ar 






— 


Note: H:High level. L: Low level. X:H or L(Don't care). 


From(PRECHARGE] 

To [DESL}, [NOP]: When these commands are 
executed, the HM5283206 enters into the IDLE 
state after tRP has elapsed from the compietion of 
precharge. 


From{iDLE} 

To[DESL], [NOP], [BST}, [PRE] or [PALL]: 
These commands result in no operation. 
To[ACTV) : The bank specified by the address 
pins and the ROW address is activated. 
To{ACTVM]:The bank specified by the address 
pins and the ROW address is activated. In 
addition, write per bit is also enabied. 
TofREF], [SELF]: The HM5283206 enters into 
refresh mode(auto-refresh or self-refresh). 
To{MRS): The HM5283206 enters into the mode 
register set cycle. 

To[SMRS): The HM5283206 enters into the 
special mode register set cycle. 


MRS 


ILLEGAL 


From(ROW ACTIVE): | 

To [DESL], [NOP], or (BST]: These commands in 
no operation. 

To[READ], [READA]: A read operation starts. 
(However, an interval of tRCD is required) 
To[WAIT], [BWRIT}, [WRITA] or (BWRIT A]: A 
write or block write operation starts. (However, an 
interval of tACD is required.) 

To[ACTV]: This commands makes the other bank 
active. (However, an interval tRAD is required.) 
Attempting to reactivate the current active bank is 
itlegal. 

To[ACTVM]}:This commands makes the other 
bank active and enabie write per bit. (However, an 
interval tRAD is required.) Attempting to reactivate 
the current active bank is illegal. 

To[SMRS)]: The HM5283206 sets the special 
mode register. 

To [PRE], [PALL]: These commands set the 
HMS5283206 to precharge mode. (However, an 
interval or tRAS is required.) 
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From (READ) 

To[DESL], [NOP]: These commands continue 

read operation until the burst operation completed. 

Tof{BST}: This command stops a full-page burst. 

To[READ], [READA]: Data output by the previous 

read command continues to finish. After 

ICAS latency, the data output resulting from the 

next command will start. 

To[(WRIT], [BWRIT], [WRITA] or [BWRIT A]: 

These commands stop burst read and start write 
le. ; 

To[ACTV]: This command activates the other 

bank. Atternpting to reactivate the current active 

bank ts iliegal. 

To[ACTVM]: This command activates the other 

bank and enabies write per bit. Attempting to 

reactivate the current active bank is illegal. 

To [PRE], [PALL} These commands put the 

HM5283206 into precharge mode. (However, an 

interval or tRAS is required.) 


From [READ with AUTO-PRECHARGE] 

To [DESL], [NOP]: These commands continue 
read operation until burst operation is completed, 
then the HM5283206 enters into precharge mode. 
To[ACTV]: This command activates the other 
bank. Attempting to reactivate the current active 
bank is illegal. 

To[ACTVM]}:This command activates the other 
bank and enabies write per bit. Attempting to 
reactivate the current active bank is illegal. 
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From (WRITE] or [BWRITE] 
To[DESL], (NOP]: These commands continue 


write operations until burst operation is compieted. 


To{BST]}: This command stops a full-page burst. 
To[READ] or [READ. A}: These commands stop 
burst write cycle and start read cycle. 

To[WRIT], [BWRIT), (WRIT A] or (BWRIT A]: 
These commands stop burst write cycie and start 
new burst write or block write. 

To[ACTV]: This command activates the other 
bank. Attempting to reactivate the current active 
bank is illegal. 

To{[ACTVM]:This command activates the other 
bank and enabies write per bit. Atternpting to 
reactivate the current active bank is illegal. 
To[PRE] or (PALL]: These commands stop burst 
cycle, then the HMS283206 enters into precharge 
mode. 


From[WRIT A] or (BWRIT A] 

To[DESL], [NOP]): These commands continue 
current write operation until the burst operation is 
completed then the HM5283206 goes into the 
precharge process. 

To[ACTV): This commands activates the other 
bank. Attempting to reactivate the current active 
bank is illegal. 

To[ACTVM}:This command activates the other 
bank and enabies write per bit. Attempting to 
reactivate the current active bank is illegal. 


From(REFRESH] 

To[DESL], [NOP], [BST]: After the auto-refresh 
cycle (after tRC), the HM5283206 automatically 
enters into the IDLE state. 
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Operation of HM5283206 Series 
Read/Write Operations 


-Bank active 

Before executing a read or write operation, the 
corresponding bank and the row address must 
be activated by the bank active(ACTV. ACTIVM) 
command. Either bank 0 or 1 is activated 
according to the level on AQ pin, and the row 
address (AX0 to AX8) is activated by the A0-A8 
pins at the bank active command cycie. An interval 
of tRCD is required between the bank active 
command input and the following read/write 
command input. 


-Read operation 

A read operation starts when a read command is 
input. Output buffers become active in the cycle 
after read command issued so that the 
HM5283206 can perform burst read operation. 


ICAS Latency 


Blet 
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The burst length can be set to 1, 2, 4, 8 or 256 
(full-page). The start address of burst read is 
defined by the column address (AYO to AY7) and 
the bank select address (AQ) loaded at the cycie 
when the read command is issued. In read 
operation, data output starts after the number of 
cycles specified by the /CAS latency. 

When the burst fength is 1, 2, 4 or 8, OQ buffers 
automatically become High-Z at the next cycie 
after the successive burst read has been 
completed. 

When the burst length Is full-page(256), data are 
repeatedty output until the Durst stop command, 
another read/write commands or precharge 
commands are input. The /CAS latency and burst 
length must be specified on the mode register. 


’ Burst Length = 4 
CL #/CAS Latency 


+=) 





BL: Burst Length 
‘CAS Latency = 2 


gf tt 


HAL/SP 


Read / Write Operation(cont.) 


-Write operation 
Burst write or single mode is selected by the 
OPCODE(AQ, AB) of the mode register. 


(1) Burst write: Prior to execute burst write 
operation, the OPCODE(A9, A&) should be set to 
(0, 0). The latency of data input is 0 that is burst 
write starts on the same cycie when the write 
command Is issued. The burst length can be set 
to 1, 2, 4, 8 and 256 (full-page). The start column 
of burst write is defined by the colurnn address 
and the bank select address AQ loaded at the 
write command set cycie. 


Burst Write 
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(2) Singte write: Prior to execute single write 
operation, the OPCODE(AQ, A8) should be set to 
(1, 0). in a single write operation, data are only 
written to the single column defined by the 
column address and the bank select address 
loaded at the write command set cycle 
regardless of the defined burst length. (The 
latency of data input is 0). 


Cs, eC ESA 
raicoes Kon XK 


= IX 
Doin < srg X11 X 2X5) 
sree XX 2X3 XeXEXEXTI— 


‘ 
BieFunpape-2AIAZAIN4XSXEXNTX8) see 





Single. Write 





BL:Burst Length 
(CAS Latency = 1.2.3 


BL:Burst Length = 1, 
2, 4, 8, full page 
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Read / Write Operation(cont.) 


-Block Write & Write per bit Function 
The HM5283206 has two graphic functions, 
Block write and write per bit, such as 
conventional VRAM has. 


Biock write operation: 

This command enabies 8 column write at one 
CAS cycie with the data stored in color register(3 
2 bit). The column block composed of 8 columns 
is defined by AX3-AX7 loaded through A0-A7 
pins when this command is issued. AO-A2 
address is ignored then. 

This commend is executed regardiess of burst 
length. 

When this command is issued, DQ data are 
referred to stop writing color data to specific 
columns(see “column address mask data “on the 
next page). 


Block Write 


asdrefe —XrowX Xe XZ 
DQ in: 
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Write per bit operation: 

Both for normal write and block write, additional 
DQ control function or write per bit function is 
available in the ACTVM state. The HM5283206 
has the mask register(32bit). This register 
indicates DQ bits which will be masked through 
both normal write(OSF20) and biock write(DSF= 
1).Hence, mask register and DQM signal 
determine OQ bits which should be masked. 


The figure at the top of the next page shows an 
example of biock write with mask. 


BL:Burst Length = 1, 
2. 4, 8, full page 


NOP if (CK Is less than (BWC. 


Block diagram of graphic functions 


WAIT and /BWRIT 


Color 
Register 


Mask 
Register 


BWRIT 








Column Column 
decoder Address 


WRIT 
wr 


Cotumn Mask Data 


Olt 
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Biock write and write per bit 


0a7 


Column Addreks Mask Register 


Wecsoees 


A-H Write data stored in the color register. 





Prior data are preserved through block write operation. 


Column Address Mask Data 






olumn 1 (AO=1, Aiz0, A2=0) Mask Data 
in Byte 
DO ix8+6] Column 6 (A0=0, Aim1, A2mt) Mask Data 


DO ix8+7} Column 7 (AO=1, At=1, A2=1) Mask Data 
















Low : Mask 
High : Non Mask 








i={O,1,2,3} 


OL? 
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Read / Write operation 
-Read with auto precharge: in this operation, The command next to this command must be the 
since precharge is automatically performed after bank active(ACTV, ACTVM) command. tn 
completing a read operation, so no precharge — addition, an interval defined by IAPR is required 
commands are necessary after each read before execution of the next command. 
operation. 

/CAS latency Precharge start cycle 

3 2 cycle before the last data out 

2 


icycie before the last data out 





1 1 cycle before the last data out 





ry 
‘ 
. 
‘ 
a 
s 
: 
‘ 
e 
* 


Note. intemal auto-precharge starts at the timing indicated by +, 
At CLK = 33 MHz (IAPR changes depending on the operating frequency.) 
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Read /write operation(cont.) 
-Write with auto-precharge: in this operation, The command next to this command must be the 
since precharge is automatically performed after bank active(ACTV, ACTVM) comriand. tn addition, 


completing burst write or single write operation, so an interval of |APW is required between the last 
no precharge commands are necessary after each valid data input and the next commana. 


write operation. 


Buret Write(Buret Length = 4) 






eone 
eve 
eee 
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HM5283206 Series 
Read /write operation(cont.) 
-Biock write with auto-precharge: in this The command next to this command must be the 
operation, since precharge is automatically bank active(ACTV, ACTVM)command. In addition, 
performed after completing block write operation, an interval of IAPBW is required between the fast 
SO NO need to execute any precharge command. valid data and the next command. 





DEV 
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Full page burst stop 
. Burat stop command during burst read: The timing, from command input to the last data. 
The burst command is used to stop data output depends on the /CAS latency. When the /CAS 
during a full-page burst. The BST command sets latency is 3. the data, two cycles after the BST 
the output buffer to high-Z and stops the full-page command, becomes invalid . The BST command is 
burst read. legitimate only in case full page burst mode, and is 
illegal in case burstiength 1,2,4and8. — 
ICAS latency BST to valid data BST to high impedance 
1 oO 1 
2 1 2 
3 | 3 





ICAS Latency = 1, Burst Length = full page 


————= 1 IBSH = 3 
I@SR = 1 





a. 


put 
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Full-page Burst Stop(cont.) 


‘Burst stop command at burst write: 
For full page burst write cycie, when burst stop 
command is issued, write data at that cycie and the 
following write data input are ignored. 


Burst Length = full page 


HM5283206 Series 


The BST command is legitimate only in case full 
page burst mode, and is illegal for burst length 1, 
2, 4 and 8. An interval tRWL is required between 
the BST command and the next precharge 
command. 





U is 2 
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DQM control 


The DOM i(i=0, 1, 2, 3) controls the ith byte of DO 
data. DOM contro! operation for read and for write 
are different in terms of operation timing. 


Reading: When data is read, output buffer can 
be controlied by DQMi. 

By setting DOMi to low, corresponding OQ output 
buffer becomes active. By setting DQMi to high, 
the DQ output bufter is getting floated so that the 
ith byte of data are not driven out. The latency of 
DQM operation for read operation is two. 


tiM5283206 Series 


Writing: Input data can be controlled by DQMi. 
While DQMi is low, data is driven into the HM528 
3206. By setting DQMi to low, corresponding ith 
byte of DQ input data are kept from being written 
to the HM5283206 and the previous data are 
pee: The latency of DOM control operation 
is 0. 


Se 


IDOO = 2 Latency 


ONZE 


} 1010 = 0 Latency 





Used 
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Refresh 


-Auto-refresh 

All the banks must be precharged before 
executing an auto-refresh command. Since the 
auto refresh command updates the interval 
counter every time when it is executed. This 
command aiso determines ithe bank and the 
ROW to be refreshed. Therefore extemal 
address specification is not necessary. The 
refresh cycle is 1024 cycies/16ms. (1024 cycies 
are required to refresh all the ROW addresses.) 
The output buffer becomes high-Z after auto- 
refresh start. no prechrage commands are not 
necessary after this command execution. 


Others 


-Power down mode and ciock mask 
Power down mode is a state in which input 
bulfers are made inactive and clock signal is 
masked {to cut power dissipation. To enter into 
power down mode, CKE shouid be set to low. 





CKE 


. 
' 
r 
‘ 


-Clock suspend mode 
By driving CKE to low during a bank-active or 
read/write operation, the HM5283206 enters into 
Clock suspend mode. During clock suspend mode 
extemal! input signals are ignored and the internal 
state is maintained. When CKE is driven high, the 
synchronous ORAM terminates clock suspend 
-mode, and command can be input from the next 
cycle. For detail, refer to the “CKE Truth Tabie®. 


FLATLY LS 


coe VHS. — 


tcesp 


wowsevrchce 
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-Self-refresh 

After issuing the seit refresh command, self 
refresh operation starts by changing the fevei on 
CKE pin from ‘H' to 'L’. During setf-refresh 
operation, all data are refreshed. This operation 
managed by the internal refresh timer. After the 
seit refresh, since the last ROW refreshed 
cannot be determined, an auto-refresh should 
immediately be pertormed for all addresses(1024 
cycles). 


Power down mode is kept as long as CKE is low. 
Note that during burst read or burst, only ciock 
signal is masked. To exit from power down or 
clock mask state , CKE should be set to high as 
the timing shown bellow. 






-Power-up sequence 

During power-up sequence, the DQMi and the 
CKE must be set to high. When 1003 has past 
after power-on, all banks must be precharged 
using the precharge command. Atter tRSA delay, 
execute two auto-refresh commands as dummy, 
an interval of tRC is necessary between two auto- 


_ retresh commands. 
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Mode Register Set: 

Mode register are set through address pins 
during the IDLE state. AQ and A8 bits are used to 
define OPCODE determines write type. A7 bit 
isnt used and must be low level. A4 to A6 bits 
are used to specify LMODE or CAS Itatency. A3 
bits is used to deefine BL or burst length. See ‘ 
Mode register configuration’ in the next page. 


Mode register set 


HM5283206 Series 


Special Mode Register Set: 
Special mode register are set through address 
pins during the IDLE, ACTV or ACTVM state. A6 
and AS pins are used to determine whether 
loading color data or mask data. Other pins 
should be iow. When speciai mode register set 
command is issued, if both AS and A6 are equal 
a 1, then neither color nor mask data is assured. 
See “Special mode register contiguration’ in the 
next page. 
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Mode register configuration 


pas | as | a7 | asf as | as | as | az [oar | ao | 
opcooe fo fF tmooe er 


Burst Length 
Sequenti 
| 1 | Interieave | 


Mo |e | ears fees 6 ture wane | 
cl Ey eee ees 
| 1 | 0 [Burst Reed a Single Wete 
SE Es See pee 


Special mode register configuration 


Oe ee 
pio f o {| o { tc | im {_o f o {| o fo fo 


Disable 
Enable 








() an 6) 
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Burst Sequence 


é 
3 
§ 
2 
3 
< 


|__AO__| Sequence | interleave | | A1_| AO | Sequence | interieave | 


Burst length = 8 
Stating Ad. 


. 1, 0, 3, 2, 
D °) 1, 
3, 2, 1, 0, 


7, O, 1, 2, 3, 
6 
7, 4, 5, 2, 3 


2, 1, 0, 7, 6, 5, 4, 
7, 


2. 3, 4, 5, 6, 7, 
o, 3, 2, 5, 4, 7, 6 
3, 
4, 5, 6 

4, 

6, 5, 4, 


i, 


5, 
6, 
7, 


7, O, 1, 2, 3, 4, 
7, 0, 1, 2, 3, 4, 5 


6 


Addressing(decimal) 

| A2| Ai} Ao! 

rol olf olf 1.234 5.6 7, 

| _o] o| 1] 1,2, 3, 4,5, 6 7, 0, 

Fo} 1] of a345672014123016 7,4 5, | 
| of 1] 1] 3, 4 5, 6, 7,01, 2, 

| 1] of o] 4 5, 6 7, 0, 1, 2, 3, 

| 1f of 4] 

| tf tt ol 

| if 1f 1f7,0 1,2, 3, 4,5, 6, 





a 
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Command intervais 


-Read command to read command interval Note that the iast read command has the priority 

to the preceding read command, that is, any read 
(1) Operation for the column in the same row command can interrupt the preceding burst read 
(page): Within the same ROW (page), read operation to get valid data aimed by this 
command can be issued every cycie. interruption. 


(CAS Latency = 3 
Buret Length = 4 
Bank 0 





(2) Operation for the column in other ROW of the (3) Operation for another bank: For another bank 
same bank: To read the data of other ROW of the in active state, burst read command can be 
same bank, it is necessary to execute a - executed from the next cycle after the preceding 
precharge command and a bank-active read command is issued. If another bank is in 
command before executing next read command. the idle state, bank active command shouid be 


executed prior to the read command. 






pees OOOO 


Ddout (Ao X80 X 81 X 82 X B83 ) 


cog amafoodq-ofedecbee 


i 


eebheve 
eacceeovs swvaceobouse 
seeunancessoas 


Bi scenecns 
% 


ICAS Latency = 3 
Burst Length = 4 


g 
g 


[- 
F 
i 


; 
: 
4 
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- Command intervais(cont.) 


-Write command to write command 
interval 


(1) Operation for the column in the same row : 
Within the same ROW (page), write command 
can be issued every cycie. 


HM5283206 Series 


Note that the last write command has the priority 
to the preceding write command, that is, any 
write command can interrupt the preceding burst 
write operation to get valid data 





(2) Operation for the column in other ROW of the 
same bank: To write data on other row of the 
same bank, it is necessary to execute a 

rge command and bank active command 
before executing next write command. 





errr or 


BankO Bank1 Bank 0 Gank 1 
Actwe Active write write 


- 
3} -F- 
B}-4-3- 
Ee 
R 
G 


(3) Operation for another bank: For another bank 
in active state, burst write command can be 
executed from the next cycle after the preceding 
write command is issued. if another bank is in 
the idle state, bank active command should be 
executed. 





Burst Write Mode 
Burst Length = 4 
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Command intervais(cont.) 


-Block Write command to write or biock 
write command interval 


(1) Operation for the column in the same row : 
Within the same ROW (page), it is necessary to 
take no less than tBWC between biock write and 


HM5283206 Series 


another block write/norma! write. If tCK is less than 
tBWC, NOP command should be issued for the 
cycle between the biock write command and the 
foliowing write or block write command. 


Burst Length = 1, 2, 4, 
8, full page 





(2) Operation for the column in other ROW of the 
same bank: To execute write command or 
another biock write command for other row of the 
same bank, It is necessary to execute a 
precharge command and bank active command 
before prite or block write operation. 





(3) Operation for another bank: To execute write 
command or another biock write command for 
another bank in active state, tBWC interval to the 
next command is necessary. if another bank is 
in the idie state, bank active command should be 
executed. If tCK is less than t8WC, NOP 
command should be issued for the cycle 
between the block write command and the 
following write or biock write command. 


Buret Length = 1, 2, 4, 
6, full page 


Ges 0 
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Command intervals(cont.) 


-Read command to write or biock write 


command interval be used depending on cas latency as the timing 
shown below. . 

(1) Operation for the column in the same ROW: 

The write or block write command following the Note that the last write or block write command has 

preceding read command can be performed after the priority to the preceding read command, that is, 

an interval of no less than 1 cycie. To set DQ any write or block write command can interrupt the 


output High-Z when data are driven in, OOM must preceding burst read operation to get valid data. 





(2) Opération for the column in other ROW of the (3) Operation for another bank: For another bank 
same bank: To execute write or biock write for in active state, burst write command can be 
’ other row of the same bank, it is necessary to executed from the next cycie after the preceding 
execute a precharge command and bank active write command is issued. If another bank is In 
command before executing these commands. the Spree bank active command should be 
executed. 


Vol 
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Command intervais(cont.) 


-Write command to read command interval 


(1) Operation for the column in the same ROW: The Note that the last read command has the priority 
read command following the preceding write to the preceding writing commana, that is, any 
command can be performed after an interval of no read command can interrupt the preceding burst 
leas than Icycle. write operation to get valid data. 


WRITE to READ Command interval (1) 


Buret Write Mode 
/CAS Latency = 1 












ColA ‘ Burst Write Mode 
write f¢—-® Cas Latency /CAS Latency = 1 
Col.B ColB ; . Buret Length = 4 
reed Dou ‘ Bark 0 
(2) Operation for the cotumn in other ROW of the (3) Operation for another bank: For another bank 
same bank: To execute read command for other in active state, burst read command can be 
row of the same bank, it is necessary to execute executed from the next cycle after the preceding 
&@ precharge command and bank active write command is issued. ff another bank is in 
command. the idle state, bank active command shouid be 


executed prior to execute these command. 


Ores 2 
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Command intervals(cont.) 


-Block Write command to read command 
interval 


(1) Operation for the column in the same row : 
Within the same ROW (page), It is necessary to 
take no less than IBWC between block write 





(2) Operation for the column in other ROW of the 
same bank: To execute read command for other 
row of same bank, [t is necessary to execute. 
aor fge command and bank active command 
before write or block write operation. 


HM5283206 Series 


and the following read command. If tCK is tess 
than tBWC, NOP command shouid be issued for 
the cycie between the block write command and 
the following read command. 


‘CAS Latency = 1 
Burst Length = 4 


(3) Operation for another bank: To execute read 
command for another bank in active state, tBWC 
interval to the next command is necessary. if 
another bank is in the idie state, bank active 
command should be executed. if tCkK is less than 
tBWC, NOP command should be issued for the 

between the block write command and the 
foliowing read command. 


U 0d 
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Command intervals(cont.) 


-Read command to precharge command 


The minimum interval between read command the precharge command is input during burst 
and precharge command is one cycle. However, read. To read ail data by burst read, the cycles 
since the output buffer then becomes high-Z after defined by IEP must be assured as an interval 
the cycles defined by IHZP, there is a possibility from the final data output to precharge command 
that burst read data output will be interrupted, if execution. 


-READ to PRECHARGE Command interval (same bank): To output all data 


/CAS Latency = 1, Burst Length = 4 





Uo 
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Command intervais(cont.) 


READ to PRECHARGE Command interval (same baank): To stop output data 
‘CAS Latency = 1, Burst Length = 4 





Gis) 
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Command intervais(cont.) 
.Write command to precharge command: However, if the burst write operation is unfinished, 
The minimum interval between write command and _ the input must be masked by means of DQM for 
precharge command. assurance of the cycle defined by tRWL. 


WRITE to Precharge Command interval (same bank) 


Burst Length = 4 (To stop write operation) 





Oow 
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Command intervais(cont.) 


-Block write command to precharge 
command interval: 


The minimum interval between biock write command 
and precharge command is tBWL. 


WRITE to Precharge Command interval (same bank) 


HM5283206 Series 
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Command intervais(cont.) 


.Bank active command interval (2) In the case of different bank-active commands: 
(1) Same bank: The interval between the two The interval between two bank-active commands 
bank-active commands must be no less than tRC. must be no less thantRRD. - 


Bank active to bank active for sarne bank 





-Mode register set to bank-active command 
interval: The interval between setting the mode 
register and executing a bank-active command 
must be no jeas than tRSA. 





Uod 
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OC Characteristics(Tax0 to 70°C, Vcc=3.3V.,, Vss=#0V) 
H1M6293206 HMS5S283206 HM5283206 _HMS282206 









































-12 -16 17 -20 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions Notes 
Operating current : col — TaO — TBD — TBO — TBD mA Burst length=1 1 
tRCemin 
Standby current lec2 — Tso — TSO — TBD — TBD MA CKEsVIL.tCKemin 
(Bank Disable) — TsO — TBO — TEO — TBO MA CKEeVIL 
CKEVIL or VIH fixed 
— TaO0 — TBO — TBD — TBO mA CKEsVIH, NOP com. 
tCK=min 
Active standby lec3 — TBD — TSO — TBD — TBD mA CKE=SVIL, tCK=min 1 
current DQshigh-Z . 
(Bank actine) — Tad — TSO — TSEDB — TBD MA CKEsVIH, NOP com. 
tCKsemin, DQeHigh-Z 
Burst operating(CL=1) tec4 — Tsao — TED — TSO — TBD mA (tCK=amin 1 
current (Cli.n2) 
(Cim3) 
Refresh current tecS — TBD — TBO — TSO — TBD mA tACamin 
ee a TS EEC RS A A a RS RO I 
Self refresh current cB — 2 — 2 — 2 — 2 MA VikteVee-0.2 
' ViL<0.2 
Input leakage current is -10 10-10 10-10 10-1010 uA. OSVinsvec 
Output leakage current Oo 8 83=6 +100 10-10 10-102 10-10 10) UA OSVoutsVec 
OQsdisabie 
Output high voltage VOH 24 — 24 — 24 — 24 — V 1lOHs-2mA 
Output low voltage VoL — 0464 — 04 — 04 — 04 \V IOLe2mAa 





Note 1: icc depends on output load condition when the device is selected. icc max is specified 
on condition that al! output pins are floated. 











Capecitance 

perameter Symbot Typ. Max. Unit Notes 
input capacitance(Addreas) cit _ 5 pF 4 
Input capacitance(Signais) ci2 _ 5 pF 1 
Output capacitance(DQ). co _ 7 . pF 1,2 





Note.1. Capacitance measured with Booton Meter or effective capacitance measuring method. 
2. DOM=VIH to disable Dout 


¢) i) 
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AC Characteristics(Ta20 to 70°C, Vcc=3.3V.Vss=0V) 





























HMS5283206 HMS263206 HM5283206 HMS283206 

12 15 17 ~ .20 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 
Active to precharge tRASC —~ 80000 =— 80000 — 80000 — 80000 ns 1 
on tull page mode 
Active command to tRCO 25 _ Kc ¢ ed 3 — 40 — ns 1 
column command 
(same bank) 
Precharge to active tRP 34 - “4 34.0C< 40 — ns 1 
command period 
The last data-in to t(RWL 25 _— 300¢C=«i= 355 — a0 — ns 1 
precharge lead tme 
Active(a) to active(b) (RRO 25 —_ 30 — 3s = 40 — ns 1 
command period 
Register set to tRSA 25 - 30 — 3 — 40 — ns 1 
active command 
Biock write ‘wc 25 _ 30 = 3 = 40 — ns 1 
cycie time 

t 

Transition time(rise to fait) tT 1 5 1 5 t 5 1 5 ns 
Refresh period tREF - 16 _ 16 _ 16 _ 16 ms 





Notes: +.AC measurement assumes tT=1ns. Reference level for timing input signals |S 1.4V. 
2.Access time is measured at 1.4V. Load condition is CLxSOpF with current source. 
3.1Hz(max)defines the time at which the outputs achieves +200mvV. 
Load condition is CL=S5pF with current source. 
4.An initial pause of 100 us is required after power up followed by a mode resister set cycie and 
minimum of eight initialization cycies. (Auto refresh cycies or row active precharge command.) 
5.If (T is longer than 1 ns, input timing referred level should be VIH(min)/VIL(max)and tns 
should be subtracted parameter. 
6.1CES define CKE setup time to CKE rising edge except power down exit command. 


HM5283206 (LVTTL) 
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HM5283206 Series 
AC Characteristics(Ta=0 to 70°C, Vcc#3.3V,Vss=0V) 
HMS263206 HMS283206 HM5263206 HM5283206 
-12 15 17 ~ 20 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 
System Clock (Clset) ttK 25 —_ non — 3 = 40 = ns 
(CL=3) "12.5 18 17.5 20 ns 1 
CLK high pulse width tCKH 5 _ 6 _ 7 ~— 8 _ ne 4 
CLK tow pulse width tCKL 5 _ 6 _ 7 _ 8 — ne 1 
Access time (CLew1) tac — 24 — 30 —- x — 38 ns 1,2 
from CLK (CL=2) — 12.8 ~ it -) — 16.5 _— 18 ns 1,2 
(CL#3) — 115 _- 13 — 15.5 _ 18 ns 1,2 
Read command (Chet) tACK — 25 —- WN — — 3 ns 1 
to data valid time (Ci.=2,3) — 3 — 43 — §s§0.5 — 58 ns 
Data-out hoid (CL=1) tOH 4 — 4 = 4 —- 4 — ns 1,2 
time (CL 22,3) 2 ~ 2 — 2 _ 2 _ ns 
CLK to Data-out {LZ C0] _ oo — 0 _ 0 _ ns 1,2 
low impedance 
CLK to Data-out tHZ 4 12.5 4 15 4 17 4 19 ns 
high impedance 2 8 2 10 2 12 2 14 ns 1,3 
ornare cr ere stent n 
Data-in setup time twos 4 - 46. =— 4. — 4 — ns 1 
Data-in hold time (OH 2 _ 2 _ 2 _ 2 _ ns 1 
Address setup time tAS 4 _ 4 - 4 _ 4 _ ns 1 
Address hoid time tAH 2 _ 2 _ 2 _ 2 _ ns 1 
CKE setup time (ces 4 _ 4 _ 4 _ 4 = ns 1 
CKE hold time tcEH 2 — a —— 2 — ns 1 
Command(/CS, /RAS, /CAS cs 4 _ 4 = 4 _ 4 — ns 1 
WE, DQM. OSF)setup time 
Command(/CS., /RAS, /CAS tCH 2 _ 2 _ 2 _ 2 _ ne 1 
WE, DOM, OSF)noild time 
Ret/Active to Ret/active tac #100 — "110 — 120 — 130 — ns 1 
Active to precharge tRAS 65 10000 70 10000 75 10000 80 10000 ns 1 
command period 
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Relationship Between Frequency and Minimum Latency 
HMS283206 HMS283206 HMS283206 _HMS283206 


















































Parameter “12 “15 “17 _ 20 
Frequency(MHz) 80 33 66 33 57 285 50 25 
tCK(ns) Symbol 12.5 28 18 30 17.5 35 20 40 Notes 
Active command to column tRCO 2 1 2 1 2 1 2 1 
Command(same Sank) 
Active command to active IRC 8 4 8 4 7 4 7 4 saf{tRASe+tRP} 
command(same bank) 
Active command to precharge {RAS § 3 5 3 5 3 4 2 
command(same bank) 
Precharge command to active tRP 3 2 3 2 2 1 2 1 
command(same bank) 
Last data in to active command tRWL 2 1 2 1 2 3 2 1 
(sare bank) 
Biock write to precharge command 1BWL 3 2 3 2 3 2 3 2 -={t(RWL+1]} 
(same bank) 
Active command to active tRAO 2 1 2 4 2 1 2 1 
command(different bank) 
I RE ES RSD SIE A 
Last Gata in to active command lAPW 5 3 § 3 4 2 4 2 a«itRWLstrP] 
= (Auto precharge, same bank) 

Block write to active command IAPBW 6 4 6 4 5 3 § 3 =f{tBWL+tRP} 
(Auto precharge, same bank) 
Self refresh exit to command input iSEC 8 4 8 4 7 4 7 4 stRC 
Precharge command to high impedance tHZP 
(CL =3) 3 3 3 3 3 3 3.0 C3 
(CLs2) 2 2 2 2 2 2 2 2 
(Cleat) — 1 1 _ 1 1 
Last data out to active command 1AaPR ' 
(CiL.=2.3) 2 1 2 1 1 0 1 0 =(tRP}1 
(CLat) _ 2 _ 2 —_ 1 _ 1 =ftRP] 
Last data out to precharge iEP 

(CLx3) 2 2 2 -2 2 2 2 +2 

(CLa2) -1 -1 “1 -1 “1 “1 -f 1 
(earty precharge) (CL=1) _ f0) _ 0 — fe) _ 0 
Coiurmn command to column command IccD 1 1 1 1 1 1 1 1 
Write command to data in iatency twcod © 0 0 08 6 0 6 Oo 
Block write cycle time tBwco 2 1 2 1 2 1 2 1 
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Relationship Between Frequency and Minimum Latency 
HMS283208 HM5263206 HMS283206 HMS283206 























Parameter -12 -15 -17 - °20 
Frequency(MHz) 80 «633 66 33 S57 285 S50 25 
tCK(ns) Symbot 12.5 25 15 30 17.5 35 20 40 Unit Notes 
DQM to data in 1DIO 0 0 0 0 fo} 0 0 0 
DQM to data out t1D00D 2 2 2 2 2 2 2 2 
CKE to CLK disabie ICLE 1 1 4 1 1 1 1 4 
Burst stop to output valid data hold IBSR . 

(CL#2,3) _ ce) _ 0 _ °) _ 
(Clst) . 1 4 4 4 4 4 4 | 
Burst stop to output high impedance - iBSH 

(CL=3) — + — 1 — FF — 14 
(CL=2) 2 2 2 2 2 2 2 2 
(Clxt) 3 3 3 3 3 3 3 3 
Burst stop to write data ignore IsBSw 0 0 0 0 0 19] 0 19] 





Note. CLsCAS latency 
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Power Up Sequence 
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Burst length = 4 


namirese T7COXB ICL. A dB LO 
SLSSSIISSSSSSSASSH SSSI 7 Lay LLL. 


° 
ad 
soos ’ . vv: 
sii LLL 


‘ : ‘ 
LILISSSAPADASSA PLS (Lika A hh hh hed 
PSSSSPL ISAS A AL ao 
LLL Lh AMMA Mh CLL. ee 


Y OOO | hhh hhh; \ 
LLiLL Mh hhihddfede 


Areas ( CLP RRL LY LLL GAD) 


: 


: 


address 7777s NLL. LLL, CL KEN 
OOM. ZZ LLL. CLL 
VOdinput) 
vo(oupun) eee ee —= High-Z 
i ee 
— Power dran erary 





HALYSP 


HM5283206 Series 


Auto Refresh Cycie 
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Full Page Read/Write Cycie 
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Read/Singie Write Cycie 
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Mask Register Set Cycie 
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Write Cycie(with /O Mask) 
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VRAM 


HM534251B Series 


262144-word x 4-bit Multiport CMOS Video RAM 


HITACHI 


The HM534251B is a 1-Mbit multiport video 
RAM equipped with a 256-kword x 4-bit dynamic 
RAM and a 512-word x 4-bit SAM (serial access 
memory). Its RAM and SAM _ operate 
independently and asynchronously. It can transfer 
data between RAM and SAM and has write mask 
function. 


Features 


¢ Multiport organization 
Asynchronous and simultaneous operation of 
RAM and SAM capability 
RAM: 256 kword x 4 bit 
SAM: 512 word x 4 bit 
¢ Access time 
RAM: 60 ns/70 ns/80 ns/100 ns max 
SAM: 20 ns/22 ns/25 ns/25 ns max 
* Cycle time 
RAM: 125 ns/135 ns/150 ns/180 ns min 
SAM: 25 ns/25 ns/30 ns/30 ns min 
¢ Low power 
Active RAM: 413 mW max 
SAM: 275 mW max 
Standby 38.5 mW max 
¢ High-speed page mode capability 
¢ Mask write mode capability 
¢ Bidirectional data transfer cycle between RAM 
and SAM capability 
¢ Real time read transfer cycle capability 
¢ 3 variations of refresh (8 ms/512 cycles) 
RAS-only refresh 
CAS-before-RAS refresh 
Hidden refresh 
¢ TTL compatible 
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Ordering Information 


Type No. 


HM534251BJ-6 
HM534251BJ-7 
HM534251BJ-8 
HM534251BJ-10 


HM534251BZ-6 
HM534251BZ-7 
HM534251BZ-8 
HM534251BZ-10 


HM534251BT-6 
HM534251BT-7 
HM534251BT-8 
HM534251BT-10 


HM534251BR-6 
HM534251BR-7 
HM534251BR-8 
HM534251BR-10 


Access time Package 


60 ns 
70 ns 
80 ns 
100 ns 


60 ns 
70 ns 
80 ns 
100 ns 


60 ns 
70 ns 
80 ns 
100 ns 


60 ns 
70 ns 
80 ns 
100 ns 


400-mil 28-pin 


plastic SOJ 
(CP-28D) 


400-mil 28-pin 


plastic ZIP 
(ZP-28) 


8mmx 14mm 
32-pin TSOP 


type | 
(TFP-32DA) 


8mm x 14mm 
32-pin TSOP 
type | reverse 
(TFP-32DAR) 


ADE-203-232A (Z 
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Pin Arrangement 


HM534251BJ Series — HM534251BT Series 


1 
2 2 
3 3 
: 5 
: 6 

7 
7 8 
8 9 
9 


\(Top View) 


(Top View) 


HM534251BZ Series HM534251BR Series 
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8 

7 

6 

5 

4 

3 

2 

1 

(Top View) 
((Bottom View) 

Pin Description 
Pin name Function Pin name Function 
AO - A8 Address inputs DT/OE Data transfer/Output enable 
/00 - 1/03 RAM port data inputs/outputs sc Serial clock 
Si/00 — SI/O3 SAM port data inputs/outputs SE SAM port enable 
RAS Row address strobe Voc Power supply 
CAS Column address strobe Vss Ground 
WE Write enable NC No connection 


HMS534251B Series 
Block Diagram 


Column Address Row Address Refresh 
Buffer Buffer Counter 








she 
Memory Array ree 





Column Decoder 
SAM I/O Bus 
SAM Column Decoder 




















Sense Amplifier & 1/O Bus 


| 








Input Data Serial Output| Serial Input 
Control Buffer Buffer 


S!/00 - SI/O3 


_ Mask 
Register 





Input Output re 
Buffer Buffer Timing Generator 





1/00 — 1/03 





Pin Functions 


RAS (input pin): RAS is a basic RAM signal. It 
is active in low level and standby in high level. 
Row address and signals as shown in table 1 are 
input at the falling edge of RAS. The input level 
of these signals determine the operation cycle of 
the HM534251B. 


Table 1. Operation Cycles of the HM534251B 


Input level at the falling 
edge of RAS 


CAS DT/OE WE SE _ Operation mode 
X 


L xX X CBR refresh 


H L L L Write transfer 

H L L H Pseudo transfer 
H L H X Read transfer 

H H L X Read/mask write 
H H H X Read/write 

Note: X: Don't care. 


CAS (input pin): Column address is fetched into 
chip at the falling edge of CAS. CAS controls 
output impedance of I/O in RAM. 

A0-A8 (input pins): Row address is determined 
by AO-A8 level at the falling edge of RAS. 
Column address is determined by AO-A8 level at 
the falling edge of CAS. In transfer cycles, row 
address is the address on the word line which 
transfers data with SAM data register, and column 
address is the SAM start address after transfer. 

WE (input pin): WE pin has two functions at the 
falling edge of RAS and after. When WE is low at 
the falling edge of RAS, the HM534251B turns to 
mask write mode. According to the I/O level at the 
time, write on each I/O can be masked. (WE level 
at the falling edge of RAS is don’t care in read 
cycle.) When WE is high at the falling edge of 
RAS, a normal write cycle is executed. After that, 
WE switches read/write cycles as in a standard 
DRAM. In a transfer cycle, the direction of 
transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred 
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from SAM to RAM (data is written into RAM), 
and when WE is high, data is transferred from 
RAM to SAM (data is read from RAM). 

1/00 - 1/O3 (input/output pins): I/O pins 
function as mask data at the falling edge of RAS 
(in mask write mode). Data is written only to high 
I/O pins. Data on low I/O pins are masked and 
internal data are retained. After that, they function 
as input/output pins as those of a standard DRAM. 
DT/OE (input pin): DT/OE pin functions as DT 
(data transfer) pin at the falling edge of RAS and 
as OE (output enable) pin after that. When DT is 
low at the falling edge of RAS, this cycle becomes 
a transfer cycle. When DT is high at the falling 
edge of RAS, RAM and SAM operate 
independently. 

SC (input pin): SC is a basic SAM clock. Ina 
serial read cycle, data outputs from an SI/O pin 
synchronously with the rising edge of SC. Ina 
serial write cycle, data on an SI/O pin at the rising 
edge of SC is fetched into the SAM data register. 
SE (input pin): SE pin activates SAM. When SE 
is high, SI/O is in the high impedance state in 
serial read cycle and data on SI/O is not fetched 
into the SAM data register in serial write cycle. 
SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of 
SC. 

S1/O0-SI/O3 (input/output pins): SI/Os are 
input/output pins in SAM. Direction of 
input/output is determined by the previous transfer 
cycle. When it was a read transfer cycle, SI/O 
outputs data. When it was a pseudo transfer cycle 
or write transfer cycle, S1/O inputs data. 


Operation of HM534251B 


RAM Read Cycle (DT/ (DT/OE high and CAS high at 
the falling edge of RAS) 


Row address is entered at the RAS falling edge and 
column address at the CAS falling edge to the 
device as in standard DRAM. Then, when WE is 
high and DT/OE is low while CAS is low, the 
selected address data outputs through V/O pin. At 
the falling edge of RAS, DT/OE and CAS become 
high to distinguish RAM read cycle from transfer 
cycle and CBR refresh cycle. Address access time 
(tga) and RAS to column address delay time 


(trap) specifications are added to enable high- 
speed page mode. 











RAM Write Cycle (Early Write, Delayed Write, 
Read-Modify-Write) 

(DT/OE high and CAS high at the falling edge of 
RAS) 


* Normal Mode Write Cycle (WE high at the 
falling edge of RAS) 
When CAS and WE are set low after driving RAS 
low, a write cycle is executed and I/O data is 
written in the selected addresses. When all 4 I/Os 
_ are written, WE should be high at the falling edge 
of RAS to distinguish normal mode from mask 
write mode. 
If WE is set low before the CAS falling edge, this 
cycle becomes an early write cycle and I/O 
becomes in high impedance. Data is entered at the 
CAS falling edge. 
If WE is set low after the CAS falling edge, this 
cycle becomes a delalyed write cycle. Data is 
input at the WE falling. I/O does not become high 
impedance in this cycle, so data should be entered 
with OE in high. 
If WE is set low after towp (min) and tawp (min) 
after the CAS falling edge, this cycle becomes a 
read-modify-write cycle and enables read/write at 
the same address in one cycle. In this cycle also, 
to avoid I/O contention, data should be input after 
reading data and driving OE high. 
* Mask Write Mode (WE low at the falling edge 
of RAS) 
If WE is set low at the falling edge of RAS, the 
cycle becomes a mask write mode cycle which 
writes only to selected /O. Whether or not an VO 
is written depends on I/O level (mask data) at the 
falling edge of RAS. Then the data is written in 
high I/O pins and masked in low ones and internal 
data is retained. This mask data is effective during 
the RAS cycle. So, in high-speed page mode 
cycle, the mask data is retained during the page 
access. 


High-Speed Page Mode Cycle (DT/OE high and 
CAS high at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data 
of the same row address at high speed by toggling 
CAS while RAS is low. Its cycle time is one third 
of the random read/write cycle. Note that address 
access time (t,q), RAS to column address delay 
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time (tp ap), and access time from CAS precharge 
(tacp) are added. In one RAS cycle, 512-word 
memory cells of the same row address can be 
accessed. It is necessary to specify access 
frequency within tp agp max (100 ps). 


Transfer Operation 


The HM534251B provides the read transfer cycle, 

pseudo transfer cycle and write transfer cycle as 

data transfer cycles. These transfer cycles are set 
by driving CAS high and DT/OE low at the falling 
edge of RAS. They have following functions: 

(1) Transfer data between row address and SAM 
data register (except for pseudo transfer cycle) 
Read transfer cycle: RAM to SAM 
Write transfer cycle: SAM to RAM 

(2) Determine SI/O state 
Read transfer cycle: SI/O output 
Pseudo transfer cycle 
and write transfer cycle: SI/O input 

(3) Determine first SAM address to access after 

transferring at column address (SAM start 
address). 
SAM start address must be determined by read 
transfer cycle or pseudo transfer cycle after 
power on, and determined for each transfer 
cycle. 


Read Transfer Cycle (CAS high, DT/OE low and 
WE high at the falling edge of RAS) 


This cycle becomes read transfer cycle by driving 
DT/OE low and WE high at the falling edge of 
RAS. The row address data (512 x 4-bit) 
determined by this cycle is transferred to SAM 
data register synchronously at the rising edge of 
DT/OE. After the rising edge of DT/OE, the new 
address data outputs from SAM start address 
determined by column address. In read transfer 
cycle, DT/OE must be risen to transfer data from 
RAM to SAM. 

This cycle can access SAM even during transfer 
(real time read transfer). In this case, the timing 
tspp (min) specified between the last SAM access 
before transfer and DT/OE rising edge and tgpny 
(min) specified between the first SAM access and 
DT/OE rising edge must be satisfied. (See figure 
1.). 


RAS 


CAS 


‘Address 





DT/OE 


SAM Data before Transfer 
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SAM Data after Transfer 








Figure 1. Real Time Read Transfer 


When read transfer cycle is executed, SI/O 
becomes output state by first SAM access. Input 
must be set high impedance before tgzg (min) of 
the first SAM access to avoid data contention. 


Pseudo Transfer Cycle (CAS high, DT/OE low, 
WE low and SE high at the falling edge of RAS) 


Pseudo transfer cycle switches SI/O to input state 
and set SAM start address without data transfer to 
RAM. 

This cycle starts when CAS is high, DT/OE low, 
WE low and SE high at the falling edge of RAS. 
Data should be input to SI/O later than tgyp (min) 
after RAS becomes low to avoid data contention. 
SAM access becomes enabled after tgpp (min) 
after RAS becomes high. In this cycle, SAM 
access is inhibited during RAS low, therefore, SC 
must not be risen. 


Write Transfer Cycle (CAS high, DT/OE low, 
WE low and SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data 
input by serial write cycle to RAM. The row 
address of data transferred into RAM is determined 


by the address at the falling edge of RAS. The 
column address is specified as the first address for 
serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after 
tsrp (min) after RAS becomes high. SAM access 
is inhibited during RAS low. In this period, SC 
must not be risen. 

Data transferred to SAM by read transfer cycle can 
be written to other address of RAM by write 
transfer cycle. However, the address to write data 
must be the same MSB of row address (AX8) as 
that of the read transfer cycle. 


SAM Port Operation 
Serial Read Cycle 


SAM port is in read mode when the previous data 
transfer cycle is read transfer cycle. Access is 
synchronized with SC rising, and SAM data is 
output from SI/O. When SE is set high, SI/O 
becomes high impedance, and the internal pointer 
is incremented by the SC rising. After indicating 
the last address (address 511), the internal pointer 
indicates address 0 at the next access. 


Serial Write Cycle 


If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into 
write mode. In this cycle, SI/O data is fetched into 
data register at the SC rising edge like in the serial 
read cycle. If SE is high, SI/O data isn’t fetched 
into data register. Internal pointer is incremented 
by the SC rising, so SE high can be used as mask 
data for SAM. After indicating the last address 
(address 511), the internal pointer indicates address 
0 at the next access. 


Refresh 
RAM Refresh 


RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is executed 
by accessing all 512 row addresses within 8 ms. 
There are three refresh cycles: (1) RAS-only 
refresh cycle, (2) CAS-before-RAS (CBR) refresh 
cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write 
cycles or transfer cycles can refresh the row 
address. Therefore, no refresh cycle is required 
when all row addresses are accessed within 8 ms. 





Absolute Maximum Ratings 


Item Symbol 
- Terminal voltage"! Vr 
Power supply voltage’! Vec 
Short circuit output current lout 
Power dissipation Py 
Operating temperature Topr 
Storage temperature Tstg 


Note: 1. Relative to Vgc. 
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(1) RAS-Only Refresh Cycle: RAS-only refresh 
cycle is executed by activating only RAS 
cycle with CAS fixed to high after inputting 
the row address (= refresh address) from 
external circuits. To distinguish this cycle 
from data transfer cycle, DT/OE must be high 
at the falling edge of RAS. 

(2) CBR Refresh Cycle: CBR refresh cycle is set 
by activating CAS before RAS. In this cycle, 
refresh address need not to be input through 
external circuits because it is input through an 
internal refresh counter. In this cycle, output 
is in high impedance and power dissipation is 
lowered because CAS circuits don’t operate. 

(3) Hidden Refresh Cycle: Hidden refresh cycle 
executes CBR refresh with the data output by 
reactivating RAS when DT/OE and CAS keep 
low in normal RAM read cycles. 


SAM Refresh 


SAM parts (data register, shift register and 
selector), organized as fully static circuitry, require 
no refresh. 


Rating Unit 
-1.0 to +7.0 V 
~0.5 to +7.0 Vv 
50 mA 
1.0 Ww 

0 to +70 °C 
—55 to +125 °C 
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Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Item . 
Supply voltage”! 
Input high voltage”! 


Input low voltage"? 


Symbol 


Vcc 


Vin 


VIL 


Notes: 1. All voltages referenced to Vgs. 
2. -—3.0 V for pulse width < 10 ns. 


4.5 


2.4 


-0.5°2 


Typ 
5.0 


Max Unit 
5.5 Vv 
6.5 Vv 
0.8 Vv 


DC Characteristics (Ta = 0 to +70°C, Voc = 5 V + 10%, Vgg = 0 V) 


Item Symbol 


Operating Icc; 
current 
loc7 


Standby Ioc2 
current 


lccs 


RAS-only = Ioc3 
refresh 
current Iocg 


Page mode Icc4 
current 


loc10 


CAS-before- locos 


RAS refresh 
current loo 
Data ; loce 
transfer 

current loc12 


Min Max Min Max 
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-6 -7 

Min Max 

— 75 — 70 
— 125 — 120 
— 7 — 7 

— 50 — 50 
— 75 — 70 
— 125 — 120 
— 80 — _ 80 
— 130 — 130 
— 50 — 45 
— 100 — 95 
— 80 — 75 
— 130 — 125 


8 


60 


100 


40 


100 


70 


110 


65 


105 


-10 


Test conditions 


Min Max Unit RAM port SAM port 


55 


95 


40 


55 


95 


65 


105 


35 


75 


60 


100 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


RAS, CAS SC = Vi, SE = Vin 

cycling -_——_____ 

tac=min SE=V,, SC cycling 
tscc = min 


AS, CAS SC = Vi, SE= Vin 
Vv 


SE = Vi, SC cycling 
tscc = min 


RAS cycling SC = ViL> SE = ViH 
tac=min SE=Vj,, SC cycling 
tscc = min 


CAS cycling SC = V),, SE = Viy 

RAS =Vy, ——____——__ 

tpc=min SE=Vj,, SC cycling 
tscc = min 


RAS cycling SC = V;,, SE = Vin 
tac = min ———_——__—_ 
SE = Vj, SC cycling 


tscoco = min 


RAS, CAS SC = Vi, SE = Vin 

cycling § ———————— 

tac=min SE=Vj,,, SC cycling 
tscc = min 


HMS534251B Series 
’ DC Characteristics (Ta = 0 to +70°C, Voc = 5 V + 10%, Vss = 0 V) (cont) 
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-6 -7 8 -10 Test conditions 
item Symbol Min Max Min Max Min Max Min Max Unit RAM port SAM port 
Input leakage 1, ~10 10 -10 10 -10 10 -10 10 wA 
current 
Output leakagel) o -10 10 -10 10 -10 10 -10 10 pA 
current 
Output high Voy 24 — 24 — 24 — 24 — V_ Igy=-2mA 
voltage 
Outputlow Vo, — 04 — 04 — 04 — 04 V_ Ip. =4.2mA 
voltage 


Note: 1. Icc depends on output loading condition when the device is selected. loc max is specified at 
the output open condition. 
2. Address can be changed once while RAS is low and CAS is high. 


Capacitance (Ta = 25°C, Voc = 5 V, f = 1 MHz, Bias: Clock, /O = Vcc, address = 
Vss) . 


Item Symbol Min Typ Max Unit 
Address Ci _— — 5 pF 
Clock Cio a —_ — 5 pF 
/0, SV/O Cio —_— — 7 pF 


AC Characteristics (Ta = 0 to +70°C, Voc = 5 V +10%, Vgg = 0 V) “1, *16 


Test Conditions 
¢ Input rise and fall time: 5 ns ¢ Input timing reference levels: 0.8 V, 2.4 V 
¢ Output load: See figures ¢ Output timing reference levels: 0.8 V, 2.0 V 


¢ Input pulse levels : Vgg to 3.0 V 


iogasoma. 2” 


lo, = 4.2 mA 


<g—$___-_ 


SI/0 Toke 





r pF 


Output Load (A) Output Load (B) 
Note: 1. Including scope & jig. 
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Common Parameter 
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4 7 8 -10 
Item Symbol Min Max Min Max Min Max Min Max Unit Notes 
Random read or write cycle time tac 125 — 135— 150 — 180 — _ ons 
RAS precharge time tap 55 — 55 — 60 — 70 — = ns 
RAS pulse width tras 60 10000 70 1000080 10000 100 10000 ns 
CAS pulse width ttas 20 — 20 — 20 — 25 — = os 
Row address setup time tasrh OF -—- OF — O — O — OS 
Row address hold time tRAH 10 — 10— 10—- 10 — 47s 
Column address setup time tasac O09 —- OF — 0 —- O — Os 
Column address hold time tCAH 15 — 15—- 15 — 15 — = ns 
RAS to CAS delay time tacp 20 40 20 50 20 60 20 75 ons 2 
RAS hold time referenced to CAS tag, 20 — 20 — 20 — 25 — = ns 
CAS hold time referencedtoRAS tcg, 60 — 70 — 80 — 100 — _ ns 
CAS to RAS precharge time tcpap 10 — 10 — 10 — 10 — _= ns 
Transition time (rise to fall) ty 3 50 3 50 3 50 3 #50 ons 3 
Refresh period tREF — 8 — 8 — 8&8 — 8 ms 
DT to RAS setup time tots 09 — O — 0 ~— O08 — ns 
DT to RAS hold time tory 10 — 10 — 10 — 10 — os 
Data-in to CAS delay time tpz77 O —- 0 — 0 — 0 — ons 4 
Data-in to OE delay time tp7o O09 -—- 0 — 0 — 0 — ons 4 
Output buffer tun-off delay torre1 — 20 carat 20 — 20 — 20 ns § 
referenced to CAS 
Output buffer turn-off delay torr2 — 20 — 20 — 20 — 20 ns 58 


referenced to OF 
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HM534251B Series 
Read Cycle (RAM), Page Mode Read Cycle 





HM534251B 

6 7 8 . -10 
item Symbol Min Max Min Max Min Max Min Max Unit Notes 
Access time from RAS trac — 60 — 70 — 80 — 100 ns &7 
Access time from CAS tcac — 20 — 20 — 20 — 2 ons 78 
Access time from OE toac 4 — 20 — 20 — 20 — 2 ors 7 
Address access time tan — 3 — 3 — 40 — 45 ns 79 
Read command setup time tacs O — 0 = 2 =— o — ns 
Read command hold time taeH O — O0O — 0 — 0 — ns 10 
Read command hold time tany 10 — 10 — 10 — 10 — ns_ 10 


referenced to RAS 


RAS to column address delay time trap 15 25 15 35 15 40 15 55 ns 2 


Column address to RAS leadtime tag, 35 — 35 — 40 — 45 — ns 
Column address to CAS leadtime toa, 35 — 35 — 40 — 45 — _~— os 
Page mode cycle time tpc 45 — 45 — 50 — 55 — ns 
CAS precharge time tcp 10 — 10— 10— 10 — = ns 
Access time from CAS precharge tacp — 40 — 40 j— 45 — 50 ns 


Page mode RAS pulse width trasp 60 100000 70 10000080 100000 100 100000ns 
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HM534251B Series 
Write Cycle (RAM), Page Mode Write Cycle 


HM534251B 

6 7 8 -10 
item Symbol Min Max MinMax MinMax Min Max Unit Notes 
Write command setup time twcs 09 — O08 — O08 — OO — ns 11 | 
Write command hold time twcoH 158 — 15 — 15 — 15 — ns 
Write command pulse width twp 15 — 15 — 15 — 15 = ns 
Write command to RAS lead time tay, 20 — 20 — 20 — 20 — ns 
Write command to CAS leadtime tow, 20 — 20 — 20 — 20 — ns 
Data-in setup time tos o—- O- 0 — 0 = ns 12 
Data-in hold time tou 15 — 15 — 15 — 15 — ns 12 
WE to RAS setup time tws o — o—- o-—- 0 — ns 
WE to RAS hold time twH 10 — 10 — 10— 110 — ns 
Mask data to RAS setup time — tus o-—- o- 0-—- 0 — ns 
Mask data to RAS hold time tH 10 — 10 — 10— 10 — ns 
OE hold time referencedtoWE top, 20 — 20 — 20 — 20 — ns 
Page mode cycle time tpc 45 — 45 — 50 — 55 — ns 
CAS precharge time top 10 — 10 —- 10— 10 — ns 
CAS to data-in delay time ttpp 20 — 2— 2— 2 — ns 13 


Page mode RAS pulse width — tgasp 60 100000 70 10000080 100000 100 100000 ns 
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Read-Modify-Write Cycle 


Item 
Read-modify-write cycle time 


RAS pulse width 
(read-modify-write cycle) 


CAS to WE delay time 

Column address to WE delay time 
OE to data-in delay time 
Access time from RAS 
Access time form CAS 
Access time from OE 


Address access time 


RAS to column address delay time 


Read command setup time 
Write command to RAS lead time 
Write command to CAS lead time 
Write command pulse width 
Data-in setup time 

Data-in hold time 


OE hold time referenced to WE 


Symbol 


tawc 


taws 


tcwo 
tawD 
topp 
tRAC 
tcac 
toac 


tRAD 
tacs 
'RWL 
tcWL 
twp 
tos 
tDH 


toEH 


HM534251B 

6 -7 

Min Max Min Max 
175 — 185 — 
110 10000 120 10000 
45 — 45 — 
60 — 60 — 
20 — 20 — 
— 60 — 70 
— 20 — 20 
— 20 — 20 
— 35 — 35 
15 25 15 35 
o — oo — 
20 — 20 — 
20 — 20 — 
15 — 15 — 
oO — o — 
15 — 15 — 
20 — 20 — 
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Min Max 


200 — 


130 10000 


45 


65 


20 


15 


20 


20 


15 


15 


20 


80 
20 
20 
40 


40 


HM534251B Series 


-10 

Min Max Unit Notes 
230 — ns 

150 10000 ns 

50 — ns 14 
70 — ns 14 
20 — ons 12 
— 100 ns 6&7 
— 25 ns 7,8 
— 2 ns 7 
— 45 ns 79 
15 55 ns 

oO — ns 

20 — ns 

20 — ns 

15 — ns 

o — ns 12 
15 — ns 12 
20 — ns 
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HMS534251B Series 


Refresh Cycle 

HM534251B 

6. 7 8 -10 
Item Symbol Min Max MinMax MinMax Min Max Unit Notes 
CAS setup time _ ttsh 10 —-— 10—- 10 — 10 — = os 
(CAS-before-RAS refresh) 
CAS hold time __ tcuR 10 — 10 — 10— 110 — ns 
(CAS-before-RAS refresh) — 
RAS precharge to CAS holdtime tapo 10 — 10 — 10 — 10 — ns 
Read Transfer Cycle 

HM534251B 

4 -7 8 -10 
Item Symbol Min Max MinMax MinMax Min Max Unit Notes 
DT hold time referenced to RAS trp 50 10000 60 10000 65 10000 80 10000 ns 
DT hold time referencedto CAS tepy 20 — 20 — 20 — 25 — ns 
DT hold time referenced to tapH «= 25 i (iia HK ———O 0S ———i 8s — ns 
column address 
DT precharge time tore 20— 2—- 2— 30 — ns 
DT to RAS delay time tppap 65 — 65 — 70 — 80 — ns 
SC to RAS setup time tsps 25 — 2 — 30 — 30 — ns 
1st SC-to RAS hold time tskH_ 60 — 70 —- 80 — 100 — ns 
1st SC to CAS hoid time tttH 25 — 2 — 2 — 2 — ns 
1st SC to column address hold time tga 40 — 40 — 45 — 50 — ns 
Last SC to DT delay time tspp 5 — 5 —- 5 =— 5 = ns 
1st SC to DT hold time ttpy 10 —- 10— 15 — 15 —~ os 
Serial data-in to 1st SC delay time —tgzg o— oo — o-—- oO — ns 
Serial clock cycle time tgcc 25 — 25 — 30 — 30 — ns 
SC pulse width tsc 5 — 5 — 10 — 10 — ns 
- SC precharge time tscp 10 — 10 — 10 — 10 — ns 
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Read Transfer Cycle (cont) 


Item 
SC access time 
Serial data-out hold time 
Serial data-in setup time 
Serial data-in hold time 
| RAS to column address delay time 


Column address to RAS lead time 


Symbol 
tsca 
tsoH | 
tsis 
tsiH 
tRaD 


tRAL 


DT high hold time from RAS precharge totHH 


Pseudo Transfer Cycle, Write Transfer Cycle 


Item 

SE setup time referenced to RAS 
SE hold time referenced to RAS 
SC setup time referenced to RAS 
RAS to SC delay time 


Serial output buffer turn-off time 
referenced to RAS 


RAS to serial data-in delay time 
Serial clock cycle time 

SC pulse width 

SC precharge time 


SC access time 


Symbol 


tes 


tsrs 
tsRD 


tsrz 


tsip 
tscc 
tsc 
tscp 


tSca 


HM534251B 

6 -7 
Min Max Min Max 
— 20 — 22 
5 — 5 — 
o— o— 
15 — | 15 — 
15 25 15 35 
35 — 35 — 
10 — 10 — 
HM534251B 

6 -7 
Min Max Min Max 
o — o— 
10 — 10 — 
25 — 2 — 
20 — 20 — 
10 40 10 40 
40 — 40 — 
25 — 23 — 
5 —- 5 — 
10 — 10 — 
— 20 — 22 
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Min Max 


15 


15 


40 


10 


-8 


Min Max 


0 


10 


30 


25 


10 


45 


30 


10 


10 


25 


45 


25 


HMS534251B Series 


-10 


15 


15 


45 


- 10 


10 
30 
25 


10 


50 


30 


10 


10 


Max 


25 


Max 


25 


Unit Notes 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


15 


Unit Notes 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


15 


15 


Pseudo Transfer Cycle, Write Transfer Cycle (cont) 


HM534251B Series 





HM534251B 

4 -7 8 -10 
Item Symbol Min Max MinMax MinMax Min Max Unit Notes 
SE access time ttea 3 — 20 — 22 — 25 — 25 ns 15 
Serial data-out hold time tson «68 5 — 5 — 5 = ns 
Serial write enable setup time tsws 5 — 5) == 5 — 2 = ns 
Serial data-in setup time tsis o— o — Oe oo — ns 
Serial data-in hold time tstH 15 — 15 — 15 — 15 — ns 
Serial Read Cycle, Serial Write Cycle 

HM534251B 

4 -7 8 -10 
item Symbol MinMax MinMax MinMax Min Max Unit Notes 
Serial clock cycle time tscco 325 — 25 — 30 — 30 — ns 
SC pulse width tsc 2 3 5 — 10 — 10 — ns 
SC precharge width tscp 10 — 10 — 10 — 10 — ns 
Access time from SC ttca «= 20 — 22 — 25 — 2 ons 15 
Access time from SE tsea 4 — 20 — 22 — 25 — 2 ns 15 
Serial data-out hold time tson «6ClCS5 a = 5 — 5 = ns 
Serial output buffer turn-off tsEz — 20 — 20 — 20 — 20 ns 5 
time referenced to SE 
Serial data-in setup time tsis o— oO — o — oo — ns 
Serial data-in hold time to 15 — 15 — 15 — 15 — ns 
Serial write enable setup time tsws 5 — 5 — 5 — 2. = ns 
Serial write enable hold time tswH . 15 — 15 — 15 — 15 — ns 
Serial write disable setup time tswis 5 — 5 — 5 — 5 — ns 
Serial write disable hold time tswih 15 — 15 — 15 — 15 — ns 
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Notes: 


1. 


15. 
16. 


HM534251B Series 


AC measurements assume ty = 5 ns. 

When trcp > tacp (max) or trap > trap (max), access time is specified by toac or tan. 

Vin (min) and Vi; (max) are reference levels for measuring timing of input signals. Transition 
time ty is measured between Vj}, and Vj;,. 

Data input must be floating before output buffer is turned on. In read cycle, read-modify-write 
cycle and delayed write cycle, either tpzc (min) or tpzo (min) must be satisfied. 

torr (max), torre (max) and tgez (max) are defined as the time at which the output acheives 
the open circuit condition (Voy —100 mV, Vo, +100 mV). 

Assume that tacp < tacp (max) and tran < trap (max). If tacp or trap is greater than the 
maximum recommended value shown in this table, taac exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

When trcp 2 tacp (max) and trap < trap (max), access time is specified by tcac. 

When tacp < tacp (max) and trap > trap (max), access time is specified by taa. 


. If either tacy Of taRH is satisfied, operation is guaranteed. 
. When twcs = twcs (min), the cycle is an early write cycle, and.1/O pins remain in an open 


circuit (high impedance) condition. 


. These parameters are specified by the later falling edge of CAS or WE. 
. Either tepp (min) or topp (min) must be satisfied because output buffer must be turned off by 


CAS or OE prior to applying data to the device when output buffer is on. 


. When tawp 2 tawp (min) and tewp = tcwp (min) in read-modify-write cycle, the data of the 


selected address outputs to an I/O pin and input data is written into the selected address. 
topp (min) must be satisfied because output buffer must be turned off by OE prior to applying 
data to the device. 

Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

After power-up, pause for 100 ps or more and execute at least 8 initialization cycle (normal 
memory cycle or refresh cycle), then start operation. 
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HM534251B Series 


Timing Waveforms *!7 


Read Cycle 

















Address 


ee ACH 
MXXKKKKK 


(Output) jee eee | 
(in XXXXXXXP 
XX 


(Input) OXXXXX? 
tots 
DTIOE =X / / 


Notet7: 2X] Hor L (H: Ving (min) < Vy < Vig (max), L: Vip (min) < Viy < Vit (max)) 


KX . 
ss! Invalid Dout 











Early Write Cycle 








£/AAARARAAAAAALAAALAALARALALALA 
vO High-Z 
(Output) 


tus l ft 


DH 

~—— i) jt 

(input) ne 4 Mash Dees KOK Valid Din KXXXXXXXKKXKXKKXKKKKKKKKK 
OTS OTH 


owe XA AXXXXXKXXXXXKXXXXKKXXAKKX AMAR 


Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 








HM534251B Series 


Delayed Write Cycle 


Note: 














‘ws __tRWL__.ltow. 


aE a WP XK XXX XXX KKK 


l 

VO 3 

(Output) tas ts) toze |” | ell tou 

vo oe ope Fo 


ie lowe 
Address CX Sea OQOKX KK 


(Input) torr2 
topp 


DIE X/ OF AXXXXXXXXXXXXXXAXAK? 


tors || toTH toeH 


1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle 
when WE is low. 


Read-Modify-Write Cycle 


Note: 











trcp 


trad 
taSA}| tRaH tasc 


Address XY Row XX Gotu Cg 
we ON KO ee Ye OREN 











taa 








trac 





vO i : 
(Output WVatid Dout 


tus ton 


ie of Seas 
tots =e toEH 
BOE FTC TOOK 








1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle 
when WE is low. 
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HMS534251B Series 
Page Mode Read Cycle 

















re] nls "2 
7 al 


. a 
l | [toas rae 
Address . | Cohumun KX XX 
0 











el ADAALALSA 

LL. 
ria) 

(x | Valid Dout  } Dout 

wn oo aa ao 

= _toac, | toFF2 a Ha 

fou YOO “0 | 

nee = =| cae XXY 


Page Mode Write Cycle (Early Write) 














Se 
Address YY Row} XX Column] 





; Column} XX column> ‘column KX XX Column ay OSOLALOCelece 
we OAK Pom = eet ee 
aA | acim | HigheZ 


“yO I 
VO Kw arene “I Din} OX VAY SAA ALAS NV 7 
ALL AALZVAALAVAAS 





(input) Valid Oi som a 


toTsL, 


DTOE a RN OCNEOMCECECUCCUCTCCNCOCCLA 


Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle 
when WE is low. 
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HMS534251B Series 
Page Mode Write Cycle (Delayed Write) 











CAS 


tasr 


[ene ae egies. e 
paces DSTI OXXXKXY) 


. = sto [ie a SS 
Se 


(Input) ave Din wal OX Ba Mae) a 


toTs en| toEH 


pioe CXF WOQOKKKKKK 





Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle 
when WE is low. 





RAS-Only Refresh Cycle 





trp 





RAS H 
tcrp tapc 


5 TO eal XKXKED) 
naeee TXKKI Row XKKKKKKKK KANEKO 


torr 
LL 


(Output) ee: p 
tepp 
tt bed bal 
har — ooo) MAR XIOO OOOO IOI IOI IKI NII I IKK, 
tors _||_totH 


BOE KKK NRK KES 











21 


HM534251B Series 
CAS-Before-RAS Refresh Cycle 


tap trp 
eee 


trpc 
trec 
» Inhibit Falling Transition X XN 


OOOO OOOO DODO DIDI IKI KID KKK 


WE XXXXXXXKXXKXKKKKKAM KIKI 
parecer all High-Z 
a a, 


VO 
(Output) RXR SY 


pie KXXXXXXXXXXKXKX XXX KKK KL XX XXXL KKKKKEKEY 





Hidden Refresh Cycle 


RAS 








CAS 


rsens SOO a XDA KX EEK KXXEX EXER 





torF1 


| ea | tRA 
we | XXXROOOOO | toac OQQOOOQ OOK QIK 
| trac | 


trac a 
8 —— Se 
oa [eel joe a | 
vo WYYYVYYt sé 


(input) tpzo ; 
tors || tom” 


Die XX7 VO NXXXXXY 
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Read Transfer Cycle (1) 


tasr 
<-> 


HM534251B Series 





es 





trep 


|_,___tRAD tRAL 
_tRAH “Ctase ae 











nacross XXM_Row XIX BSE KX XX KKK KKK XXX KY) 


tws 


XX/ 





WOQOOOOOOO DIDI DIID 
High-Z DTHH 


co 


gas TECCOCOOL 


tsec | tscc tscc 

















| 











tsca 
tsou 


s/o Valid Sout 
(Output) 


SV/O 
(Input) 





tspp tsDH ts¢ tscp 
—_— 7 —— 





tsca tsca tsca 


| 


aa tson SOH {son et 

SOR: RY LOO) OOS Vali YOON, 

KSSH Valid Sout KK Valid Sout KN Valid Sout KX Valid Sout KKK 
Previous Row -—— New Row 
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HM534251B Series 
Read Transfer Cycle (2) 





tRAS 








~ RAS 
te tosy 

trop trRsH 
- tcas 
CAS | 
trad 














tRAL 


+ 





| 


tasR_|| tra tasc || tca 


adress XXX _Row KD SHBSBT KX KKK KK KK XXX KKK) 











WE MO QOD ODIO QO IOI KKX 
t 

vO High-Z Bor 

(Output) tcpbH torpD 


jon SOOKE 


tsbH tscc 
t tscp 
tscp sc. 


SC i iia Traeton [so 
(Faia Sout XTX 


SIO ies | “0: 
(Output) 2 nee 
(input) a MYO QO OOOO QOODOD 


(Input) ZS 

















tRDH 





DT/OE 
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Pseudo Transfer Cycle 


Address 


WE 
vO 
(Output) 


DT/OE 


Sv/O 
(Output) 


S/O 
(Input) 


HM534251B Series 























tDTH 


tséz P 


tEH 








OOO nba iting Tranaion CY 








VX OOOO OOOO 
High - Z 
POOQOOOOOOOO OOOO DDO DOD 


AXXKXXXXXKKKRKNY_| 


{sro 

















VOOQQOOY 
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HMS534251B Series 
Write Transfer Cycle 











CAS 


Address 


we XX EXKKKI KX III 


vO 
(Output) 


oT YXXXKXKXXKXXKXKXXEXKXXEXKEKE 
tEH | tsws 














-— 
OOOO Inhibit Rising Transition XQ 
si/o 


tinpuy Valid Sin OOOO OOOO III XX Val 


(Input) IX alid Sin y A/\ 
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HM534251B Series 
Serial Read Cycle 





tsco 
tsc tscp tsc tscp_ tsc 








| 


sc 
tsca tsca 


tsou tsez tSoH 
| <+—_____---~ir»| 


(Output) Valid Sout Ko Valid Sout } Valid Sout KM Sout 





Serial Write Cycle 





sio_ VY 
(Input) 1, 





27 


HM534251B Series 


Package Dimensions Unit: mm 
HMS534251B] Series (CP-28D) 


18.17 
- 18.54 Max 


28 15 


| 


TOC CI CILICICICS. 


> 























10.16 + 0.13 
11.18 + 0.13 











3.50 + 0.26 




















HM534251BZ Series (ZP-28) 


35.58 
36.57 Max 








10.16 Max 








0.257238 




















HM534251B Series 
Package Dimensions (cont) Unit: mm 


HM534251BT Series (TFP-32DA) 











0.20 + 0.10 
































0.17 + 0.05 





HM534251BR Series (TFP-32DAR) 


PHP 








1 


0.50 
<1 0.08 |) 

















14.0+0.2 





























i. 


0.50+0.10 |), 














1.20 Max 
0.17 + 0.05 





HM534253B Series 


262,144-Word x 4-Bit Multiport CMOS Video RAM 


HITACHI 


The HM534253B is a 1-Mbit multiport video RAM 
equipped with a 256-kword x 4-bit dynamic RAM 
and a 512-word x 4-bit SAM (serial access 
memory). Its RAM and SAM operate 
independently and asynchronously. It can transfer 
data between RAM and SAM. In addition, it has 
two modes to realize fast writing in RAM. Block 
write and flash write modes clear the data of 4- 
word x 4-bit and the data of one row (512-word x 
4-bit) respectively in one cycle of RAM. And the 
HM534253B makes split transfer cycle possible by 
dividing SAM into two split buffers equipped with 
256-word x 4-bit each. This cycle can transfer data 
to SAM which is not active, and enables a 
continuous serial access. 


Features 


¢ Multiport organization 
Asynchronous and simultaneous operation of 
RAM and SAM capability 
RAM: 256 kword x 4 bit 
SAM: 512 word x 4 bit 
* Access time 
RAM: 60 ns/70 ns/80 ns/100 ns max 
SAM: 20 ns/22 ns/25 ns/25 ns max 
* Cycle time 
RAM: 125 ns/135 ns/150 ns/180 ns min 
SAM: 25 ns/25 ns/30 ns/30 ns min 


* Low power 
Active RAM: 413 mW max 
SAM: 275 mW max 
Standby 38.5 mW max 


¢ High-speed page mode capability 

* Mask write mode capability 

¢ Bidirectional data transfer cycle between RAM 
and SAM capability 


e Split transfer cycle capability 
¢ Block write mode capability 
¢ Flash write mode capability 





Rev. 1 
Mar, 1 1994 





¢ 3 variations of refresh (8 ms/512 cycles) 
— RAS-only refresh 





~— CAS-before-RAS refresh 


— Hidden refresh 
¢ TTL compatible 
Ordering Information 
Type No. 
HM534253BJ-6 60 ns 
HM534253BJ-7 70 ns 
HM534253Bu-8 80 ns 
HM534253BJ-10 100ns 
HM534253BZ-6 60 ns 
HM534253BZ-7 70 ns 
HM534253BZ-8 80 ns 
HM534253BZ-10 100ns 
HM534253BT-6 60 ns 
HM534253BT-7 70 ns 
HM534253BT-8 80 ns 
HM534253BT-10 100ns 
HM534253BR-6 60 ns 
HM534253BR-7 70 ns 
HM534253BR-8 80 ns 
HM534253BR-10 100ns 


Access time Package 


400-mil 28-pin 
plastic SOJ 
(CP-28D) 


400-mil 28-pin 
plastic ZIP 
(ZP-28) 


8mm x 14mm 
32-pin TSOP 


type | 
(TFP-32DA) 


8 mm x 14mm 
32-pin TSOP 
type | reverse 
(TFP-32DAR) 


ADE-203-204A (Z) 


HM534253B Series 


Pin Arrangement 
HM534253BJ Series HM534253BT Series 


OMONO A AWD = 


1 
2 
3 
4 
5 
6 
7 
8 
9 


(Top View) (Top View) 


HM534253BZ Series 
HM534253BR Series 


vyo2 2 
SE 4 
Si/03 6 
8 
10 
12 
14 
16 


HT 
UU 


Lye) N= 
A&M OO ® 


9 
8 
7 
6 
5 
4 
3 
2 
1 





ll 
\LL 


(Top View) 





(Bottom View) 
Pin Description 


Pin name Function Pin name Function 

AO -A8 Address inputs sc Serial clock 

1/00 - /03 RAM port data inputs/outputs SE SAM port enable | 
SI/00 — SVO3 SAM port data inputs/outputs § DSF Special function input flag 
RAS Row address strobe QSF Special function output flag 
CAS Column address strobe Vcc Power supply 

WE Write enable Vss Ground 

DT/OE Data transfer/output enable NC No connection 





HM534253B Series 
Block Diagram 








| Column Address Row Address Refresh 
Buffer Buffer Counter 














Serial Address 


Row Decoder Counter 














| 


Memory Array 


Flash Write 

Control 
Transfer 
Gate 
Data 
Register 





SAM I/O Bus 


1 


Column Decoder 





SAM Column Decoder 


Transfer 
Register 


Gate 
Data 


























Sense Amplifier & I/O Bus 














Block Write 
Control 


= 








Input Data Serial Output; Serial Input 
Control Buffer Buffer 


SI/00 — SI/O3 


Address Mask 

Register 
Mask 
Register 








Timing Generator 


Output 
Buffer 








00 — I/03 





HM534253B Series 











Pin Functions 


RAS (input pin): RAS is a basic RAM signal. It is active in low level and standby in high level. Row 
address and signals as shown in table 1 are input at the falling edge of RAS. The input level of these 
signals determine the operation cycle of the HM534253B. 


Table 1. Operation Cycles of the HM534253B 


Input level at the failing edge of RAS 
; DSF at the falling Operation mode 


CAS T/OE E SE DSF edge of CAS 

L Xx X X X — CBR refresh 

H L L L L Xx Write transfer 

H L ke H L Xx Pseudo transfer 

H L L xX H xX Split write transfer 
H L H X L X . Read transfer 

H L H X 4H X Split read transfer — 
H H L X L Vk Read/mask write 

H H L X L H Mask block write 

H H L X _H X Flash write 

H H H X L L Read/write 

H H H X L H Block write 

H H H X H xX Color register read/write 


Note: X: Don't care. 


CAS (input pin): Column address and DSF signals are fetched into chip at the falling edge of CAS, which 
determines the operation mode of the HM534253B. CAS controls output impedance of I/O in RAM. 


AO — A8 (input pins): Row address is determined by AO — A8 level at the falling edge of RAS. Column 
address is determined by AO — A8 level at the falling edge of CAS. In transfer cycles, row address is the 
address on the word line which transfers data with SAM data register, and column address is the SAM start 
address after transfer. : 


HM534253B Series 


WE (input pin): WE pin has two functions at the falling edge of RAS and after. When WE is low at the 
falling edge of RAS, the HM534253B turns to mask write mode. According to the I/O level at the time, 
write on each I/O can be masked. (WE level at the falling edge of RAS is don’t care in read cycle.) 
When WE is high at the falling edge of RAS, a normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cycle, the direction of transfer is determined by 
WE level at the falling edge of RAS. When WE is low, data is transferred from SAM to RAM (data is 
written into RAM), and when WE is high, data is transferred from RAM to SAM (data is read from RAM). 





1/O0 — 1/03 (input/output pins): I/O pins function as mask data at the falling edge of RAS (in mask write 
mode). Data is written only to high I/O pins. Data on low I/O pins are masked and internal data are 
retained. After that, they function as input/output pins as those of a standard DRAM. In block write cycle, 
they function as address mask data at the falling edges of CAS. 


DT/OE (input pin): DT/OE pin functions as DT (data transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When DT is low at the falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM and SAM operate independently. 


- SC (input pin): SC is a basic SAM clock. In a serial read cycle, data outputs from an SI/O pin 
synchronously with the rising edge of SC. In a serial write cycle, data on an SI/O pin at the rising edge of 
SC is fetched into the SAM data register. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O is in the high impedance state in serial read 
cycle and data on SI/O is not fetched into the SAM data register in serial write cycle. SE can be used as a 
mask for serial write because internal pointer is incremented at the rising edge of SC. 


SI/O0 — SI/O3 (input/output pins): SI/Os are input/output pins in SAM. Direction of input/output is 
determined by the previous transfer cycle. When it was a read transfer cycle, SI/O outputs data. When it 
was a pseudo transfer cycle or write transfer cycle, SI/O inputs data. 


DSF (input pin): DSF is a special function data input flag pin. It is set to high at the falling edge of RAS 
when new functions such as color register read/write, split transfer, and flash write, are used. DSF is set to 
high at the falling edge of CAS when block write is executed. 


QSF (output pin): QSF outputs data of address A8 in SAM. QSF is switched from low to high by 
accessing address 255 in SAM and from high to low by accessing 511 address in SAM. 


Operation of HM534253B 
RAM Port Operation 


RAM Read Cycle (DT/OE high, CAS high and DSF low at the falling edge of RAS, DSF low at th 
falling edge of CAS) . 


Row address is entered at the RAS falling edge and column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/OE is low while CAS is low, the selected address 
data outputs through I/O pin. At the falling edge of RAS, DT/OE and CAS become high to distinguish 
RAM read cycle from transfer cycle and CBR refresh cycle. Address access time (ta) and RAS to 


column address delay time (tp ap) specifications are added to enable high-speed page mode. 


HM534253B Series 


RAM Write Cycle (Eraly Write, Delayed Write, Read-Modify-Write) 
(DT/OE high, CAS high and DSF low at the falling edge of RAS, DSF low at the falling edge of CAS) 


* Normal Mode Write Cycle (WE high at the falling edge of RAS) 


When CAS and WE are set low after driving RAS low, a write cycle is executed and I/O data is written in 
the selected addresses. When all 4 I/Os are written, WE should be high at the falling edge of RAS to 
distinguish normal mode from mask write mode. 

If WE is set low before the CAS falling edge, this cycle becomes an early write cycle and all I/O become 
in high impedance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle becomes a delayed write cycle. Data is input at the 
WE falling. I/O does not become high impedance in this cycle, so data should be entered with OE in high. 
If WE is set low after teyp (min) and tawp (min) after the CAS falling edge, this cycle becomes a read- 
modify-write cycle and enables read/write at the same address in one cycle. In this cycle also, to avoid I/O 
contention, data should be input after reading data and driving OE high. 


* Mask Write Mode (WE low at the falling edge of RAS) 


If WE is set low at the falling edge of RAS, the cycle becomes a mask write mode which writes only to 
selected I/O. Whether or not an I/O is written depends on I/O level (mask data) at the falling edge of RAS. 
Then the data is written in high I/O pins and masked in low ones and internal data is retained. This mask 
data is effective during the RAS cycle. So, in high-speed page mode, the mask data is retained during the 
page access. 


High-Speed Page Mode Cycle (DT/OE high, CAS high and DSF low at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the random read/write cycle. In this cycle, read, write, and 
block write cycles can be mixed. Note that address access time (ta), RAS to column address delay time 
(trap), and access time from CAS precharge (tacp) are added. In one RAS cycle, 512-word memory 
cells of the same row address can be accessed. It is necessary to specify access frequency within tpasp 
max (100 ps). 


Color Register Set/Read Cycle (CAS high, DT/OE high, WE high and DSF high at the falling edge of 
RAS) 


In color register set cycle, color data is set to the internal color register used in flash write cycle or block 
write cycle. 4 bits of internal color register are provided at each I/O. This register is composed of static 
Circuits, so once it is set, it retains the data until reset. Color register set cycle is just as same as the usual 
write cycle except that DSF is set high at the falling edge of RAS, and read, early write and delayed write 
cycle can be executed. In this cycle, the HM534253B refreshes the row address fetched at the falling edge 
of RAS. 
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Flash Write Cycle (CAS high, DT/OE high, WE low, and DSF high at the falling edge of RAS) 


In a flash write cycle, a row of data (512 word x 4 bit) is cleared to 0 or 1 at each I/O according to the data 
of color register mentioned before. It is also necessary to mask I/O in this cycle. When CAS and DT/OE 
is set high, WE is low, and DSF is high at the falling edge of RAS, this cycle starts. Then, the row address 
to clear is given to row address and mask data is given to I/O. Mask data is as same as that of a RAM 
write cycle. High I/O is cleared, low I/O is not cleared and the internal data is retained. Cycle time is the 
same as those of RAM read/write cycles, so all bits can be cleared in 1/512 of the usual cycle time. (See 
figure 1.) 
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Figure 1. Use of Flash Write 
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Block Write cycle (CAS high, DT/OE high and DSF low at the falling edge of RAS, DSF high at the 
falling edge of CAS) 





In a block write cycle, 4 columns of data (4 word x 4 bit) is cleared to 0 or 1 at each I/O according to the 
data of color register. Column addresses AO and A1 are disregarded. The data on I/Os and addresses can 
be masked. I/O level at the falling edge of CAS determines the address to be cleared. (See figure 2.) Ina 
page mode cycle, mixed cycle of normal Read/Write and block write can be allowed by controlling DSF. 

* Normal Mode Block Write Cycle (WE high at the falling edge of RAS) 

The data on 4 I/Os are all cleared when WE is high at the falling edge of RAS. 

* Mask Block Write Mode (WE low at the falling edge of RAS) 

When WE is low at the falling edge of RAS, the HM534253B starts mask block write mode to clear the 
data on an optional I/O. The mask data is the same as that of a RAM write cycle. High I/O is cleared, low 
I/O is not cleared and the internal data is retained. The mask data is available in the RAS cycle. In page 
mode block write cycle, the mask data is retained during the page access. 
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Figure 2. Use of Block Write 
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Transfer Operation 


The HM534253B provides the read transfer cycle, split read transfer cycle,pseudo transfer cycle, write 
transfer cycle, and split write transfer cycle as data transfer cycles. These transfer cycles are set by driving 
CAS high and DT/OE low at the falling edge of RAS. They have following functions: 
(1) Transfer data between row address and SAM data register (except for pseudo transfer cycle) 

Read transfer cycle and split read transfer cycle: RAM to SAM 

Write transfer cycle and split write transfer cycle: SAM to RAM 
(2) Determine SI/O state (except for split read transfer cycle and split write transfer cycle) 

Read transfer cycle: SI/O output 

Pseudo transfer cycle and write transfer cycle: SI/O input 
(3) Determine first SAM address to access after transferring at column address (SAM start address). 
SAM start address must be determined by read transfer cycle or pseudo transfer cycle (split transfer cycle 
isn’t available) before SAM access, after power on, and determined for each transfer cycle. 


Read Transfer Cycle (CAS high, DT/OE low, WE high and DSF low at the falling edge of RAS) 


This cycle becomes read transfer cycle by driving DT/OE low, WE high and DSF low at the falling edge of 
RAS. The row address data (512 x 4 bits) determined by this cycle is transferred to SAM data register 
synchronously at the rising edge of DT/OE. After the rising edge of DT/OE, the new address data outputs 
from SAM start address determined by column address. In read transfer cycle, DT/OE must be risen to 
transfer data from RAM to SAM. 

This cycle can access SAM even during transfer (real time read transfer). In this case, the timing tgpp 
(min) specified between the last SAM access before transfer and DT/OE rising edge and tgpy (min) 
specified between the first SAM access and DT/OE rising edge must be satisfied. (See figure 3.) 

When read transfer cycle is executed, SI/O becomes output state by first SAM access. Input must be set 
high impedance before tg7s5 (min) of the first SAM access to aviod data contention. 


RAS 
CAS 
Address 
DT/OE 


DSF 





SAM Data before Transfer SAM Data after Transfer 





Figure 3 Real Time Read Transfer 
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Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, SE high and DSF low at the falling edge of 
RAS) 


Pseudo transfer cycle switches SI/O to input state and set SAM start address without data transfer to RAM. 
This cycle starts when CAS is high, DT/OE low, WE low, SE high and DSF low at the falling edge of 
RAS. Data should be input to SI/O later than tgyp (min) after RAS becomes low to avoid data contention. 
SAM access becomes enabled after tgpp (min) after RAS becomes high. In this cycle, SAM access is 
inhibited during RAS low, therefore, SC must not be risen. 





Write Transfer cycle (CAS high, DT/OE low, WE low, SE low, and DSF low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input by serial write cycle to RAM. The row address of data 
transferred into RAM is determined by the address at the falling edge of RAS. The column address is 
specified as the first address for serial write after terminating this cycle. Also in this cycle, SAM access 
becomes enabled after tgpp (min) after RAS becomes high. SAM access is inhibited during RAS low. In 
this period, SC must not be risen. Data transferred to SAM by read transfer cycle or split read transfer 
cycle can be written to other addresses of RAM by write transfer cycle. However, the address to write data 
must be the same MSB of row address (AX8) as that of the read transfer cycle. 


Split Read Transfer Cycle (CAS high, DT/OE low, WE high and DSF high at the falling edge of RAS) 


To execute a continuous serial read by real time read transfer, the HM534253B must satisfy SC and DI/OE 
timings and requires an external circuit to detect SAM last address. Split read transfer cycle makes it 
possible to execute a continuous serial read without the above timing limitation. Figure 4 shows the block 
diagram for a split transfer. SAM data register (DR) consists of 2 split buffers, whose organizations are 
256-word x 4-bit each. Let us suppose that data is read from upper data reagister DR1 (The row address 
AX§8 is 0 and SAM address A8 is 1.). When split read transfer is executed setting row address AX8 0 and 
SAM start addresses AO to A7, 256-word x 4-bit data are transferred from RAM to the lower data register 
DRO (SAM address A8 is 0) automatically. After data are read from data register DR1, data start to be 
read from SAM start addresses of data register DRO. If the next split read transfer isn’t executed while 
data are read from data register DRO, data start to be read from SAM start address 0 of DR1 after data are 
read from data register DRO. If split read transfer is executed setting row address AX8 1 and SAM start 
addresses AO to A7 while data are read from data register DR1, 256-word x 4-bit data are transferred to 
data register DR2. After data are read from data register DR1, data start to be read from SAM start 
addresses of data register DR2. If the next split read transfer isn’t executed while data is read from data 
register DR2, data start to be read from SAM start address 0 of data register DR3 after data are read from 
data register DR2. In this time, SAM data is the one transferred to data register DR3 finally while row 
address AX8 is 1. In split read data transfer, the SAM start address A8 is automatically set in the data 
register which isn’t used. 
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The data on SAM address A8, which will be accessed next, outputs to QSF. QSF is switched from low to 
high by accessing SAM last address 255 and from high to low by accessing address 511. 

Split read transfer cycle is set when CAS is high, DT/OE is low, WE is high and DSF is high at the falling 
edge of RAS. The cycle can be executed asyncronously with SC. However, tyts (min) timing specified 
between SC rising and RAS falling must be satisfied. SAM last address must be accessed, satisfying tRST 
(min), test (min), and tagy (min) timings specified between RAS or CAS falling and column address. 
(See figure 5.) 

In split read transfer, SI/O isn't switched to output state. Therefore, read transfer must be executed to 
switch SI/O to output state when the previous transfer cycle is pseudo transfer or write transfer cycle. 
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Figure 4. Block Diagram for Split Transfer 
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(n + 255) (511) 


Figure 5 Limitation in Split Transfer 





Split Write Transfer Cycle (CAS high, DT/OE low, WE low and DSF high at the falling edge of RAS) 


A continuous serial write cannot be executed because accessing SAM is inhibited during RAS low in write 
transfer. Split write transfer cycle makes it possible. In this cycle, tg7g (min), tag (min), tegy (min) and 
tasj (min) timings must be satisfied like split read transfer cycle. And it is impossible to switch SI/O to 
input state in this cycle. If SI/O is in output state, pseudo transfer cycle should be executed to switch S/O 
into input state. Data transferred to SAM by read transfer cycle or split read transfer cycle can be written 
to other addresses of RAM by split write transfer cycle. However, pseudo transfer cycle must be executed 
before split write transfer cycle. And the MSB of row address (AX8) to write data must be the same as 
that of the read transfer cycle or the split read transfer cycle. 
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HM534253B Series 
SAM Port Operation 


Serial Read Cycle 


SAM port is in read mode when the previous data transfer cycle is read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output from SI/O. When SE is set high, SI/O becomes high 
impedance, and the internal pointer is incremented by the SC rising. After indicating the last address 
(address 511), the internal pointer indicates address 0 at the next access. 


Serial Write Cycle 


If previous data transfer cycle is pseudo transfer cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, SI/O data is fetched into data register at the SC rising edge like in the serial read 
cycle. If SE is high, SI/O data isn’t fetched into data register. Internal pointer is incremented by the SC 
rising, so SE high can be used as mask data for SAM. After indicating the last address (address 511), the 
internal pointer indicates address 0 at the next access. 


Refresh 
RAM Refresh 


RAM, which is composed of dynamic circuits, requires refresh to retain data. Refresh is executed by 
accessing all 512 row addresses within 8 ms. There are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBR) refresh cycle, and (3) Hidden refresh cycle. Besides them, the cycles which 
activate RAS such as read/write cycles or transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are accessed within 8 ms. 


(1) RAS-Only Refresh Cycle: RAS-only refresh cycle is executed by activating only RAS cycle with CAS 
fixed to high after inputting the row address (= refresh address) from external circuits. To distinguish this 
cycle from data transfer cycle, DT/OE must be high at the falling edge of RAS. 

(2) CBR Refresh Cycle: CBR refresh cycle is set by activating CAS before RAS. In this cycle, refresh 
address need not to be input through external circuits because it is input through an internal refresh counter. 
In this cycle, output is in high impedance and power dissipation is lowered because CAS circuits don’t 
operate. 


(3) Hidden Refresh Cycle: Hidden refresh cycle executes CBR refresh with the data output by reactivating 
RAS when DT/OE and CAS keep low in normal RAM read cycles. 


SAM Refresh 


SAM parts (data register, shift resister and selector), organized as fully static circuitry, require no refresh.: 
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Absolute Maximum Ratings 


Voltage on any pin relative to Vsg 
Supply voltage relative to Vgg 
Short circuit output current 

Power dissipation 

Operating temperature 

Storage temperature 


Note 1. Relative to Vgs. 


Supply voltage"? 
Input high voltage"! 
Input low voltage"! 


. All voltage referred to Vgg 
~3.0 V for pulse width < 10 ns. 


Topr 


Tstg 


Symbol 


11M534253B Series 


Value 


~-1.0 to +7.0 


0.5 to +7.0 


50 


1.0 


0 to +70 


—55 to +125 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Typ Max 
5.0 5.5 
_— 6.5 
— 0.8 


Unit Note 
v4 
v1 
mA 
WwW 
°C 
y © 
Unit Notes 
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HM534253B Series 
DC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, Vgg = 0 V) 


HM534253B 





6 7 -8 -10 


Parameter Symbol Min Max Min Max Min Max Min Max Unit Test conditions 





Operating Iccy — 75 — 70 — 60 — 55 mA RAS,CAS SC=Vy, SE=Viyq 
current cycling Sr 
lcc7 — 125 — 120 — 100 — 95 mA tpo=min SE=Vj,, SC cycling 
tscc = min 
Standby loc2 3 7 - 7 — 7 — 7 mA RAS, CAS SC =Vj, SE=Viy 
current SSS SSS SSS SS i —— 
lccg «€©6 COSC — +50 — 40 — 40 mA SE = Vj, SC cycling 
tscc = min 
RAS-only loc3 — 75 — 70 — 60 — 55 mA RAS cycling SC = Vi,, SE = Vip 
refresh SSS SS Oh i 
current loco — 125 — 120 — 100 — 95 MA tac=min SE=Vy,, SC cycling 
tscc = min 
Pagemode Iccg — 80 — 80 — 70 — 65 mA CAS cyclingSC = Vj, SE =Viy 
current SS eS 
Iccio «32 «=—180 — 130 — 10 — 105 mA tpo=min SE=Vj, SC cycling 
tscc = min 
CAS-before- Iocg — 50 — 45 — 40 — 35 mA RAS cyclingSC = Vy, SE=Viy 
BAS (ets. ——— SS Shem, 
current loc11 «60 —SC100 S95 Ss 80S S75 mA SE = Vii, SC cycling 
tscc = min 
Data lccg — 80 — 75 — 65 — 60 mA RAS,CAS SC=Vy,SE=Viy 
transfer _—_— eyeing Se 
current Ilcc12 «2 S180 — 125 — 1058 — 100 mA taco=min SE=Vj,, SC cycling 
tscc = min 
Input leakage |; | -1010 -10 10 -1010 -1010 wA 
current 
Output ILo -1010 -10 10 -1010 -1010 4A 
leakage 
current 
Outputhighn Voy 24 — 24 — 24 — 24 — Vi Ipoy=-2mA 
voltage 
Output low VoL — 04 — 04 — 04 — 04 V_ Io, =4.2mA 
voltage 


Notes: 1. Ico¢ depends on output load condition when the device is selected. Ic¢c¢ max is specified at the 
output open condition. 
2. Address can be changed once while RAS is low and CAS is high. 
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HM534253B Series 
Capacitance (Ta = 25°C, Vcc =5 V, f = 1 MHz, Bias: Clock, I/O = Vcc, address =Vss) 


Parameter Symbol Typ Max Unit Note 
Input capacitance (Address) Cry — 5 pF 4 
Input capacitance (Clocks) Cio — 5 pF 1 
Output capacitance (I/O, SI/O, QSF) Cio —_ 7 pF 1 
Note: 1. This parameter is sampled and not 100% tested. 

*1,-*16 


AC Characteristics (Ta = 
Test Conditions 


— Input rise and fall times: 5 ns 

— Input pulse levels: Vgg to 3.0 V 

— Input timing reference levels: 0.8 V, 2.4 V 
— Output timing reference levels: 0.8 V, 2.0 V 
— Output load: See figures 





igesoma. 12 


lo = 4.2 mA 


rl Key 





1/0 


vv 


Output Load (A) 


Common Parameter 


0 to +70°C, Voc = 5 V + 10%, Vss = 0 V) 





+5V 


lo. =4.2mA 


actemn 
S1/0 a E 


Output Load (B) 





HM534253B 

6 7 -8 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 
Random read or write cycle time tac 125 — 135 — 150 — 180 — ns 
RAS precharge time tap 55 — 55 — 60 — 70 — ns 
RAS pulse width tras 60 1000070 10000 80 10000 100 10000 ns 
CAS pulse width ttas 20 — 20 — 20 — 25 — ons 
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HM534253B Series 


Common Parameter (cont) 











HM534253B 

6 7 8 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 
Row address setup time tash O — oO — oo — 0 — ns 
Row address hold time traH 10 — 10 — 10 — 10 — ns 
Column address setup time tascc 9 —- O — oO — o — 4s 
Column address hold time tcan 15 — 15 — 15 — 15 — ns 
RAS to CAS delay time tacp 20 40 20 50 20 60 20 75 ns 2 
RAS hold time referencedtoCAS tagy 20 — 20 — 20 — 25 — os 
CAS hold time referencedtoRAS tcs, 60 — 70 — 80 — 100— ons 
CAS to RAS precharge time trap 10 — 10 — 10 — 10 — ons 
Transition time (rise to fall) ty 3 50 #3 = 50 3 50 3 50 ns 3 
Refresh period trer — 8 — 8 — 8 — 8 ms 
DT to RAS setup time tprs 09 — 0 — 0 — O — nos 
DT to RAS hold time igja, 10 —= 10 et oe 
DSF to RAS setup time tsp 09 — OF — OF ~— O — fs 
DSF to RAS hold time tapy 10 — 10 — 10 — 10 — ons 
DSF to CAS setup time ttsc 9 —- OF — O09 — OO — ns 
DSF to CAS hold time tory 15 — 15 — 15 — 15 — ns 
Data-in to CAS delay time tpz7; 9 — OF — 0 — O — ns 4 
Data-in to OE delay time te 0. Ss “he aay nigh 
Output buffer turn-off delay torFi — 20 — 20 — 20 — 20 ns 5 
referenced to CAS 
Output buffer turn-off delay torF2 — 20 .— 20 — 20 — 20 ns 5 


referenced to OE 
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HM534253B Series 
Read Cycle (RAM), Page Mode Read Cycle 





HM534253B 

6 -7 8 -10 
Palansaboe Symbol Min Max Min Max | Min Max Min Max Unit Notes 
Access time from RAS trac — 60 — 70 — 80 — 100 ns 6,7 
Access time from CAS ttac — 20 — 20 — 20 — 25 ns 7,8 
Access time from OE toac — 20 — 20 — 20 — 25 ns 7 
Address access time taa — 35 — 335 — 40 — 45 ns 7,9 
Read command setup time tacs OF — oO — o — 0 -— ons 
Read command hold time tach 9 —- OF — O08 — 0 — ns 10 
Read command hold time tray 10 — 10 — 10 — 10 — ns 10 


referenced to RAS 


RAS to column address delay time taap 15 25 15 35 15 40 15 55 ns 2 


Column address to RAS lead time. tna, 35  — 35 = 40 — 45 — ns 
Column address to CAS leadtime tea, 35 — 35 — 40 — 45 — ns 
Page mode cycle time tpc 455 — 455 — 50 — 55 — ns 
CAS precharge time tcp 10 — 10 — 10 — 10 — ns 
Access time from CAS precharge tacp — 40 — 40 — 45 — 50 ns 
Page mode RAS pulse width trasp 60 100000 70 100000 80 100000 100 100000 ns 
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HM534253B Series 


Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 


Parameter 

Write command setup time 
Write command hold time 

Write command pulse width 
Write command to RAS lead time 
Write command to CAS lead time 
Data-in setup time 

Data-in hold time 

WE to RAS setup time 

WE to RAS hold time 

Mask data to RAS setup time 
Mask data to RAS hold time 

OE hold time referenced to WE 
Page mode cycle time 

CAS precharge time 

CAS to data-in delay time 


Page mode RAS pulse width 


-7 


0 


15 


15 


20 


20 


0 


15 


0 


10 


0 


10 


20 


45 


10 


20 


Max 


0 


15 


15 


20 


20 


0 


15 


0 


10 


0 


10 


20 


50 


10 


20 


Max 


60 100000 70 100000 80 10000 


HM534253B 

6 
Symbol Min Max 
twcs 9 — 
twcH 15) — 
twe 15 — 
tawL 20 — 
tcwr 20 — 
tps O — 
toy 15 — 
tws oO — 
twy 10 — 
twee oO — 
tuy 10 — 
tozxH 20 — 
tpp 45 
tcp 10 — 
tcpp 20 — 
tRaSP 


Max Unit Notes 


-10 

Min 

o — os 
15 — ns 
15 — ns 
20 — ons 
20 — ons 
oO — os 
15 — ons 
0 — os 
10 — os 
0 — os 
10 — ns 
20 — ons 
55 — ns 
10 — ons 
20 — os 
100 100000 


11 


12 


12 


13 


ns 
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HM534253B Series 
Read-Modify-Write Cycle 





HM534253B 

4 7 8 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 
Read-modify-write cycle time tawc : 175 — 185 — 200 — 230 — ons 
RAS pulse width taws 110 10000 120 10000 130 10000 150 10000 ns 
(read-modify-write cycle) 
CAS to WE delay time . ttwo 45 — 45 — 45 — 50 — ons 14 
Column address to WE delay time taywp 60 — 60 — 65 — 70 — ons 14 
OE to data-in delay time topp 20 — 20 — 20 — 20 — ons 12 
Access time from RAS trac — 60 — 70 — 80 — 100 ns 6,7 
Access time from CAS tcac — 20 — 20 — 20 — 2 ons 7,8 
Access time from OE toac — 20 — 20 — 20 — 2 os 7 
Address access time taa —- 3 — 35 — 40 — 45 ns 7,9 
RAS to column address delay time tran 15 25 15 35 15 40 15 55 ns 
Read command setup time , tpacsg OF — oO — 8 Od o — os 
Write command to RAS lead time taw. 20 — 20 — 20 — 20 — _ os 
Write command to CAS lead time ttwl 20 — 20 — 20 — 20 — os 
Write command pulse width twp 15 — 15 — 5 — 15 — ons 
Data-in setup time tos oO — oO — oo — Oo — ons 12 
Data-in hold time tH 615 —) O15 — «15 — «15 — ns 12 
OE hold time referenced to WE toc «20 — =Ss§ 20 — 20 — 20 — os 
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Refresh Cycle 


Parameter 


CAS setup time 
AS 


(CAS-before-RAS refresh) 


CAS hold time _ 
(CAS-before-RAS refresh) 


RAS precharge to CAS hold time 


Flash Write Cycle, Block Write Cycle 


Parameter 
CAS to data-in delay time 


OE to data-in delay time 


Read Transfer Cycle 


Parameter 
DT hold time referenced to RAS 
DT hold time referenced to CAS 


DT hold time referenced to 
column address 


DT precharge time 
DT to RAS delay time 
SC to RAS setup time 


1st SC to RAS hold time 


HM534253B 
' 6 7 

Symbol Min Max Min Max 
tcsr 10 — 10 — 
tcuR 10 — 10 — 
tRPC 10 — 10 — 

HM534253B 

-6 -7 
Symbol Min Max Min Max 
tcpp 20 — 20 — 
topp 20 — 20 — 

HM534253B 

-6 -7 
SymbolMin Max Min Max 
tRDH 50 10000 60 10000 
topH 20 — 20 — 
tapH 25 — 2a — 
toTp 20 — 20 — 
tprp 65 — 6 — 
tsag 25 — 2a — 
tspH 60 — 70 — 


10 


10 


10 


Min 
20 


20 


Min 
65 
20 


30 


20 
70 
30 


80 


HM534253B Series 


Max 


Max 


Max 


10000 


-10 


Min Max Unit Notes 


10 — ns 
10 — ns 
10 — ns 
-10 


Min Max Unit Notes 


20 — ns 13 
20 — ns 13 
-10 


Min Max Unit Notes 


80 10000 ns 
25 — ns 
30 — os 
30 — ns 
80 — ns 
30 — ns 
100 — ons 
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Read Transfer Cycle (cont) 


Parameter 

1st SC to CAS hold time 

1st SC to column address hold time 
Last SC to DT delay time 

1st SC to DT hold time 

RAS to QSF delay time 

CAS to QSF delay time 

DT to QSF delay time 

QSF hold time referenced to RAS 
QSF hold time referenced to CAS 
QSF hold time referenced to DT 
Serial data-in to 1st SC delay time 
Serial clock cycle time 

SC pulse width 

SC precharge time 

SC access time 

Serial data-out hold time 

Serial data-in setup time 

Serial data-in hold time 

RAS to column address delay time 
Column address to RAS lead time 


RAS precharge to DT high hold time 


Min 


25 


40 


10 


25 


10 


15 


15 


35 


HM534253B 
6 
Symbol Min Max 
tscy 25 — 
tsay 40 — 
tsop 5 
tspy 10 — 
trap — 65 
ttapn — 35 
tooo — 35 
trgH 20 — 
ttaH 55 
tpaH 5 
tszp 0 1 — 
tscc 25 
ttt 5 — 
tscp 10 — 
tsca — 20 
tsoH 55 
tsig OF 1 — 
toy 15 — 
tran 15 25 
tral 35 — 
toTHH 10 — 


10 


Max 


70 


35 


35 


Min 


25 


45 


15 


30 


10 


10 


15 


15 


40 


10 


HM534253B Series 


-10 
Max Min Max Unit Notes 
_ 25 — ns 
— 50 — ns 
_ 5 — ns 
_ 15 — ns 
75 — 85. ns 15 
40 — 40 ns 15 
35 — 35 ns 15 
— 25 — ns 
—_ 5 — ns 
— 5 — ns 
— oO — ns 
— 30 — ns 
— 10 — ns 
_ 10 — ns 
25 — 25 ns 15 
= 5 — Ons 
_ oO -— ns 
_ 15 — ns 
40 15 55 ns 
— 45 — ns. 
_ 10 — ns 18 
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Pseudo Transfer Cycle, Write Transfer Cycle 


Parameter 


SE setup time referenced to RAS 


SE hold time referenced to RAS 


SC setup time referenced to RAS 
RAS to SC delay time 


Serial output buffer turn-off time 
referenced to RAS 


RAS to serial data-in delay time 
RAS to QSF delay time 

CAS to QSF delay time 

QSF hold time referenced to RAS 
QSF hold time referenced to CAS. 
Serial clock cycle time 

SC pulse width 

SC precharge time 

SC access time 

SE access time 

Serial data-out hold time 

Serial write enable setup time 
Serial data-in setup time 


Serial data-in hold time 


10 


_ 26 


20 


10 


40 


20 


25 


10 


HM534253B 
6 
Symbol Min Max 
tts O — 
tty 10 — 
tsag 25 — 
tsapn 20 — 
tsaz (10 40 
tsip 40 — 
trap — ~=—85 
ttan S85 
tRaH |= 20 — 
tcaH_ 5 
tscc 25 — 
ttt 5 — 
tscp 3910 — 
tscan — 20 
tsea S20 
tsoH 5S 
ttws 5 — 
tsis OF 1 
ty 215 — 


15 


40 


70 


35 


22 


22 


10 


30 


25 


10 


45 


20 


30 


10 


10 


15 


HM534253B Series 


Max 


45 


75 


40 


25 


25 


-10 


Min Max 


0 


10 


30 


25 - 


10 


50 


25 


30 


10 


10 


15 


50 


85 


40 


25 


25 


Unit Notes 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


15 


15 


15 | 


15 
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Split Read Transfer Cycle, Split Write Transfer Cycle 


HM534253B Series 





HM534253B 

6 7 8 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 
Split transfer setup time tstg 20 — 20 — 20 — 2 — ns 
Split transfer hold time tasy 60 — 7 — 80 — 100 — ons 
referenced to RAS 
Split transfer hold time ttcsr 20 — 20 — 20 — 25 — ons 
referenced to CAS 
Split transfer hold time referencedto tasy 35 — 35 — 40 — 45 — ns 
column address 
SC to QSF delay time tsqnp — 30 — 30 — 30 — 30 ons 15 
QSF hold time referenced to SC tsoh «55 ll CH 5 — 5 — ons 
Serial clock cycle time tscc 25 — 2 — 30 — 30 — os 
SC pulse width tsc 5 —- 5 — 10 — 10 — ns 
SC precharge time tscp 10 — 10 — 10 — 10 — ns 
SC access time tsca -— 20 — 22 — 25 — 25 ns 16 
Serial data-out hold time tgeooH 5 —- 5 — 5 =— 5 — ons 
Serial data-in setup time tis OF — 0 — oo — o — ns 
Serial data-in hold time tsIH 15 — Ss = 156 — 15 — ns 
RAS to column address delay time tRap 15 25 15 35 15 40 15 55 ns 
Column address to RAS lead time taal 35 — 35 — 40 — 45 — = ns 


24 


Serial Read Cycle, Serial Write Cycle 


Parameter 

Serial clock cycle time 
SC pulse width 

SC precharge width 
Access time from SC 
Access time from SE 
Serial data-out hold time 


Serial output buffer turn-off time 
referenced to SE 


Serial data-in setup time 
Serial data-in hold time 

Serial write enable setup time 
Serial wrtie enbable hold time 
Serial write disable setup time 


Serial write disable hold time 


HM534253B 

6 7 
Symbol Min Max Min 
tscc 25 — 25 
ttt 5 — 5 
tscp 10 — 10 
tsca — 20 — 
tseA — 20 = — 
tsoH 5 CSS 
tsez — 20 — 
isig | O eeey 8 
tsi 32915 — 15 
ttws 5 — 5 
tswH 15 — 15 
ttwwis 5 — 5 
tow 15 — 15 


Max 


22 


22 


20 


30 


10 


10 


15 


15 


15 


HM534253B Series 


Max 


25 


25 


20 


-10 


Min Max 


30 


10 


10 


15 


15 


15 


25 


25 


20 


Unit Notes 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


15 


15 


25 


Notes: 


1. 


N 


== ON 
ae 


12. 
13. 


14. 


15. 
16. 


17. 


18. 


HM534253B Series 


AC measurements assume ty; = 5 ns. 

When tracp > tacp (max) and trap > trap (max), access time is specified by tcac or ta. 

Vin (min) and Vi, (max) are reference levels for measuring timing of input signals. Transition 
time ty is measured between V),, and V;;. 

Data input must be floating before output buffer is turned on. In read cycle, read-modify-write 
cycle and delayed write cycle, either tpzc (min) or tpz_9 (min) must be satisfied. 

torr: (max), torre (max), and tgez (max) are defined as the time at which the output acheives 
the open circuit condition (Voy — 100 mV, Vo, + 100 mV). 

Assume that tacp < tacp (max) and trap < trap (max). If tacp or trap is greater than the 
maximum recommended value shown in this table, thac exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

When trcp 2 tacp (max) and trap < trap (max), access time is specified by toac. 

When tracp < tracp (max) and trap > trap (max), access time is specified by ta. 


. If either tacy OF tary is satisfied, operation is guaranteed. 


When twcs 2 twcs (min), the cycle is an early write cycle, and I/O pins remain in an open 
circuit (high impedance) condition. 

These parameters are specified by the later falling edge of CAS or WE. 

Either tcpp (min) or topp (min) must be satisfied because output buffer must be turned off by 
CAS or OE prior to applying data to the device when output buffer is on. 

When tawp 2 tawp (min) and towp 2 tcwp (min) in read-modify-write cycle, the data of the 
selected address outputs to an I/O pin and input data is written into the selected address. topp 
(min) must be satisfied because output buffer must be turned off by OE prior to applying data to 
the device. 

Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

After power-up, pause for 100 ps or more and execute at least 8 initialization cycle (normal 
memory cycle or refresh cycle), then start operation. 

When the serial write cycle is used, at least one SC pulse is requied before proper SAM 
operation after Voc stabilized. 

toTHH (min) must be satisfied only if DT/OE rises up before RAS rises in a read transfer cycle. 
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HM534253B Series 


Timing Waveforms*!9 
Read Cycle 














aS trap te 
tasA}| tray tasc i 
OOK Row YX Column KXXXXXKXXXKXK KKK) 


Address 





ees i am _-»| tacH 
KXKXXKXKKKK/ MXXXKKXKXK 


tepp 








VO 
(Output) 


vO 
(Input) 











DT/OE 














DSF 





Note 19: 3 i 
kX] H or L (H: Vix (min) < Vin S Vip (max), L: Vip (min) < Vin < Viz (max)) 


OO . 
pce] Invalid Dout 


Early Write Cycle 




















tasr || tRAH tasc || tcaH 
[mama 

Address XA Row _ A} Column KXXXXKXXXX KKK 
WSs WH twcs 


twcH 
WE a VP XXXXXXXXXXXXX IKI 


High-Z 





vO 
nou) XM Mask Data KY vaiddin KXXXXXXXXXXXXKKKRKKKKKKK 
DTS OTH 


puoe CXF ff AXXXXXKKXXXXXXXKAAXAKA AK KM AND 


teSR | | tre} | tesc || | tcrH 
OS XN POOOOOOOO OOO OOOO 











Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 
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HMS534253B Series 
Delayed Write Cycle 














trop 


Address aa a = | Columun ia SSE 
Ce — COCK KREINER 








: C7 
vO 

(Output) pedis ta po] ee 
vo 2 ae 


_ Valid Din KX XXXXXXXXAK XY 


toeH 
AXXXXXXXAAKXKAXAXK KD 
IX\ RRR RRR 


. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 


(Input) torra 


tors ||toTH i608 





Read-Modify-Write Cycle 





we 











RAS 


* = torp 
CAS 
Address YY alee | (XM as XK) 

















ma OREO 
{ws tow: tow 
We “ag a een = FWP XXKKXK 
VO - 


tn oes Oy nee LY 


(Input) tOFF2 


turr. 











DTIOE _ 
VKH KKH IKK KKK KIKI 


Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 









DSF 
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Page Mode Read Cycle 


Address 


vO 
(Output) 


vO 
(Input) 
DT/OE 


DSF 





en 


TI RowK TY coun XXX) 


OKXX 





XXX 


tDTS joo 


XW 
tFSR 


XN 


HM534253B Series 











be 


t 
treo 


trap 
[Rad tasc 


trcs 


OX | 


toze 


tpzo 
toTH 


mA 





tcas 
\) 


\\ 
tCaL ee 
toaH 


tRCH boo 


tRAC oy Zi 


fe “4 
= 
grees OX 


aa 





ae a 


bat 
|| toac, | torFa! 


OH 








Page Mode Write Cycle (Early Write) 








(cna = XxX 


PAXXXXXKXK 


cc. 
ito tt} topp 
oie ial 
4 KI) 





AXXXN 





Rg Roe Ra 

















nan tom ysl 


tCAH TASC L.-J 


tCAH 
XK Mcotumn OOOO) 


vO 
(Output) 


vO 
(Input) 


toTs 
OXF | 


tesa 


DT/OE 


tus 


BEX X 





tRFH 


“ i ae 
Address a= KK Column } wel lh Column } 
“a tweon 


BA yaw Brock 
a ea 





is 





twes} | tw 


toH 
tos) 


Se pao KKM vat BAK KKK 
AXKXKK KKK III IIR EINE 








tFso= 


POQOQOOKNO 


DSF PX ROK PXXXKKKKKK 


UN LX 


. This cycle becomes a normal mode write cycle when WE is high and a mask write ecyele when 
WE is low. 
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HM534253B Series 
Page Mode Write Cycle (Delayed Write) 








__tcas Ea 
te ay 
tasR 


ha 


ompummamen Ve 


rises eel 


(Output) t | LI L 
wy SIL KIN ON 
tele ee eee a 


—= Le —— CAS 
y, sl tae ete TVW YIVYVVV 
Address CX) Tk 49 "ir (XXX Column KX KX XM Column KX XK KKK) 
tws iwe 
cane: 


owe OF cle te lh VOX 
osF OXY KK DOQOON DOOOON PX KKKKK 


Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is iow. 





. 


RAS-Only Refresh Cycle 





tre 








tcrp trec 
cas | XXX a ROQQQOO0 
Address OXXXXM Row KXXKXKXXKKXXKKMKKAKXAKAK KX 


tOFFt Eas || 
SRS 


VO x 
(Output) cee oil 


eo 3 

(yay 2 _—+_ ERY XXEKXERKKEX AEX KELARLXKEKXRKE 
t eee 

pie XXXXF TT AXXXXXXXXKXXXRKXKKAKXRXKRKREKND 


trsr|| t 


CCC ME OCC ON 


ors. ||_toTH 
FS 





30 


HM534253B Series 


trac 
tras trp 


jaa = 
oe / X » Inhibit Falling Transition X X 


CAS 


pastes CMCC MCUONCLINOLENCLICAUONANOENN 
we ee 


| torr High-Z 








vO 

(Output) 2 
DTOE XXXXXXXXXKKAKKXKKKKK KKK KKK KKK KKK 
DSF KXKXKKXKKK KKK KKK KKK KAKA KKK KA KKK KKK 





CAS-Before-RAS Refresh Cycle 


nas SS 


CAS 
my 


address XXX Row X]) D SOX KXEXKXEXXXXXEXHY 


WE KIO KODIAK 


torF1 


a a: 
VO Valid © ae 
(Output) tozc 


(put wey | =e 
XX 


POO Se 











DSF 





‘Hidden Refresh Cycle 
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HM534253B Series 


” 














tRsH 








cares TAINAN III KAS 


aa 

ys A 

we = XXX/ = sis | edichsache = eaeaoeacannoeuati 
toH 

1 XXX momentos XKKKKKKK KKK KKK KERR 

swe KXKA |P_ KKXXXXXXKXXEXKXKEKEXEXXEKEXKERK 

ose IXY ARK K KK XXX KERR KKK KKK KERNS 


vO. 
(Output) 





Color Register Set Cycle (Early Write) 


|e 





trp 


as tcsH tcrp 
taco tRSsH 





RAS 





CAS 





Pe 
tws 


pleas _t_. 
 cesnearere at 
nacrss a mccoy = 





we XXXF oY XXXXXXKKXXRKXEKD 


na 

(nut XXKXEKXEXKKXEXEKKX Meteo XKXKXEXEXKXKEKENN 
DTIOE | OQ KKXKXKKKKKKKKK 
DSF f MWOKKKXXKKKKKAKK AAD 





Color Register Set Cycle (Delayed Write) 
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HM534253B Series 


—~- 














[ tcsH 
tac tRSH | 


ae ie Ly 
| I P| 
across — XK Row KKK KKK KKK KKK KKK) 
ACT | 


we | OX | NG teas OOO 














eee = a 
Boe XXX wll wo 2 fe 


DSF KF ROQOOO OOOO OOOO OK XXX XXXII) 











Color Register Read Cycle 
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HM534253B Series 








an”; ee 


af ARK XX XXX KKK KEKE RRL X 
OOOO) Sr 


twH 


eae — PYXXXXXKXXKXXXXKXXAKKK AK 


eee | . 
V/ $505 RRR |_| High-Z 
(Output) 252% : 
torr2 


10 as Data KXXXXKXX XXX KK XKKEKK KK KKK 


1OTH | 


puoe OXF = ROOK 


trsrR || taFH 


psp = XXXXXXXXX7 VOQOOQOQOOOOO OOO KKK 








Flash Write Cycle 





RAS 
torp 


Address acces Fon) KX Column A208 KX OOOO) 


We ee a an ae OXON 








AO a an 
VO OO ra High-Z 


(Output) 5 SES 
torr2———>} 
See X YVWVYVYVYV VY YY YY YY VV 


{ VO Mask Data) Nn. 
(input) vO jones uO) Data 
tors 


poe OOF = «lao senor 


DSF XXXXKXXKK LX) VOQQOOOOO KKK KKK 





Note: 1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle 
when WE is low. 





Block Write Cycle 
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HM534253B Series 





tap 
| 





tRsH t 
me CRP 


aft Sol ae =.3 joni 


sie an 


SG mm eo XXXKKX 








VO 

(Output) tues paul leeitner ptD8 een 
Hou) XX Meni N Mask acts ead Few KKK KKK 
DOE 0, Sor re aoa OOOO 


ON TN RO NOK NOOO KKK 














Note: 1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle 
. when WE is low. 


Page Mode Block Write Cycle 
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HM534253B Series 























trap 


tre 
|i rr ne 
tasR || tray tasc 
| <j ———-- oe 


nasress XXX Fw KIX Sse KXXXXXXXRXLKK KY) 

tws_|/twH 
we =X OOOO DODO OOOO 
YO _ High-Z — DTHH 
taDH a tore sa 
tRDH ———rt 


DTIOE — j VWOQOODDKXX 
DSF POQQOOOODDOOOODDDOOPI DDD 


tscc | tscc tscc 


tsc tscp 
———| 


. teca 
ol Erne aa 


7 " \2 Tia 
ou P Valid Sout Socom Valid Sout Rook Valid Sout Kon RSS29 Seeceeets 
utpu ; 
P Previous Row——"" —— New Row 


























las 





S/O 


(Input) toad 
tDQH 


QsF SAM Address MSB KXXX 


|[ trap teao 











asF 2 SAM Address MSB KXXXXM 


Note: 1. This QSF timing is referred when SC is risen once or more between the previous transfer cycle 
and CAS falling edge of this cycle (QSF is switched by DT rising). 

2. This QSF timing is referred when SC isn't risen between the previous transfer cycle and CAS 
falling edge of this cycle (QSF is switched by RAS or CAS falling). 


Read Transfer Cycle (1) 
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HM534253B Series 




















CAS 





tRAL - 





tasa ||t tasc | | tca 
pacross XXX Row KOC SBSRT KXXXX XXX XXX KK) 
tws 
we XxX KKK KKK KKK OPP OD KKKKK 


tDTHH 





V/O 


(Output) torp 
VAY, tROH $F erry 
DTOE XX\ i | XOKKKXXKX 











tRFH 





aut 
XX PrOOOOOOOOOOOOOOO DODD DIX 
tsbH tsec 
tsc tscp 


——P| 


tscp 
= fe a sc 
a |_| (Dy Vata Sout KX 
pu 


(input) Sh 


tpap 











tsis 





toaHi 
SAM Address MSB KXm 





Read Transfer Cycle (2) 
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CAS 


Address 


WE 


VO 
(Output) 


DT/OE 


sv/O 
(Output) 


svo 
(Input) 


HM534253B Series 











[ 


tasR tRAH tasc_ (CAH 


OOK Row KYM Sates” WOOOOOOOOOOOOOOOX®) 


tws tWH 


KX || eK XXX KK KKKK KKK RRL RK KKK 











tcas 














Xm —————E—— 
XN || YXXXXXRKKEXKK KKK RK ERLK RALLY 


tes tsws 





tsAS tsro tscoc 
tsc {SCP 


OOOO inhibit Rising Transition XXOXOXN — 
———— 
WOOO OXON valid Sin KIX Vatia Sin KX) 


tcap 


be 7 
| KKKKKKKKXKKKKK KY 




















SAM Address MSB 





Pseudo Transfer Cycle 
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HM534253B Series 











a 
(Yt SAM SIAR WX XR ORO) 


Address Y \ { “Address 


WE POO IOODODI OOD III IKI 


VO High-Z 
(Output) 


DWE XX EXXRRKOOOD OOOO KIO DIKE KKK 
XX fROOQOOOOOOOOOOOOOOOO OOOO 


XA POOOODOO DODO OQQIOS 


tsRS 














t 
ee + !sc¢ 
to tscp tsc__) _tsoP, | 


1) v 
ii lice ssie: ieaeaeeeaaenan en 
Si/O 
inp) — ANA Sin KOO OOOOOOOOOOOOO OOOO vata Sin KX) vata Sin XD 
tcap 





tswsitsc 











V7 
(Input) ZL» ZN 





ie trap >| [Cau 
ES tRQH 

%, \/ 7, 

SAM Address MSB KX ( 














Write Transfer Cycle 
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HM534253B Series 

















le tcrp eee tRCD 





as | XXX a 
tasR ‘asc | Kean tRAL 
nosross XXXXXXXOY Row HO BBS KXXKKXKKLK KY 


Address Yi 


LOQQOOOY || PQOQCOOOOOOOOOO OOOO QOD 


High-Z 





MOCO. 
SOS R SS 


VO 
(Output) 





tots | |toTH 


DIE YOQQOOOON, || POOOOOOOOOOOOO IO OOOOOIOODO 


{FSR || 'RFH 


XK OOO OOOO DODD IDOI IDI 








i 

















Split Read Transfer Cycle 
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HM534253B Series 























{ASR 


natess, XXXKXKKK Fw HOE RES KXXKKKXK KKK) 


tws | |tWH 


XOQOQOOO, POOOOOOOOOOOO DDO ODI) 








High-Z 





oer ey | 
DIE DOOOOOXS POO OOOOOOOOODD DDK KID 


tFsR || tRFH 


DSF COCCOCCC EE F AXXXXXXXXXAK ARK XXX KKK ARK 








SV/O 
(Output) 


S/O = = - 
(Input) i ; X Si KK ; X Si Valid Sin 














Split Write Transfer Cycle 


ry) 





HM534253B Series 


tscc ae 





tscc 
tsc tscp | ee 
Yy ai ie 
os | tsca 


tsca ee 


tsez 
= 'SOH tsca tSOH 


(Output) Valid Sout Kesh Valid Sout Valid Sout NOOK vali 





Serial Read Cycle 


MOQOOOOOOOE Valid Sin 





Serial Write Cycle 
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HMS534253B Series 


Package Dimensions 


HM534253BJ Series (CP-28D) Unit: mm 

















10.16 + 0.13 
11.18 + 0.13 











3.50 + 0.26 











9.40 + 0.25 





HM534253BZ Series (ZP-28) Unit: mm 


35.58 
36.57 Max 








10.16 Max 














um bi NOITU NNT | 005:28 


2.80 Min 
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HM534253B Series 
Package Dimensions (cont) 


HM534253BT Series (TFP-32DA) Unit: mm 
































0.17 + 0.05 





HM534253BR Series (TFP-32DAR) Unit: mm 


14.0 + 0.2 








0.17 + 0.05. . 
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HM538123B Series 


131072-word x & bit Muitiport CMOS Video RAM. 


HITACHI 


* Flash write mode capability 
* 3 variations of refresh (8 ms/512 cycles) 


The HM538123B is a 1-Mbit multiport video 
RAM equipped with a 128-kword x 8-bit dynamic 
RAM and a 256-word x 8-bit SAM (serial access 
memory). Its RAM and SAM operate 
independenuy and asynchronously. It can transfer 
data berween RAM and SAM. In addition, it has 
two modes to realize fast writing in RAM. Block 
write and flash write modes clear the data of 4- 
word x 8-bit and the data of one row (256-word x 
8-bit) respectively in one cycle of RAM. And the 
HM538123B makes split transfer cycle possible by 
dividing SAM into two split buffers equipped with 
128-word x 8-bit each. This cycle can transfer data 
to SAM which is not active, and enables a 
cononuous serial access. 


Features 


¢ Multiport organization 
Asynchronous and simultaneous operation of 
RAM and SAM capability 
RAM : 128 kword x 8 bit and 
SAM: 256 word x 8 bit 
« Access ume 
RAM : 60 ns/70 ns/80 ns/100 ns max 
SAM: 20 ns/22 ns/25 ns/25 ns max 
° Cycle time 
RAM: 125 ns/135 ns/150 ns/180 ns min 
SAM: 25 ns/25 ns/30 ns/30 ns min 
° Low power 
Active RAM: 413 mW max 
SAM : 275 mW max 
Standby 38.5 mW max 
¢ High-speed page mode capability 
Mask write mode capability 
¢ Bidirectional data transfer cycle between RAM 
and SAM capability 
2 Oph: pescios cycus cupavility 
¢ Block write mode capability 


ok 
Hitacht % 
semiconductor 


_- 





Rev. 1 
Mar. 18, 1994 








RAS-only refresh 

CAS-before-RAS refresh 

Hidden refresh 
* TTL compatible 
Ordering Informatior 
Type Ne. Accesstime Package 
HM538123BJ-6 60 ns 400-mil 
HM538123BJ-7 70 ns 40-pin 
HM538123BJ-8 80 ns plastic SOJ 
HMS538123BJ-10 100ns (CP-40D) 





ADE-203-231A 





HM538123B Series 





Pin Arrangement 


HM538123B8J Series 


1 
2 
3 
4 
5 
6 
7 
8 
9 


(Top View) 














Pin Description 

Pin name Function 

A0-A8 Address inputs 

VOO-1/07 RAM port data inputs/outputs 
SVO0-SI/07 SAM port data inputs/outputs 
RAS Row address strobe 

CAS Column address strobe 

WE Write enable 

DTOE Data transfer/Output enable 
sc Serial clock 

SE SAM port enable 

DSF Special function input flag 
QSF Special function output flag 
Veco Power supply 

Vss Ground 

NC No connection 
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Block Diagram 
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Pin Functions Row address and signals as shown in table 1 are 


RAS (input pin): RAS is a basic RAM signal. It —_ of these signals determine the operation cycle of 
is active in low level and standby in high level. the HM538123B. 


Table 1 Operation Cycles of the HM538123B 


Input Level at the falling edge of RAS 





DSF at the falling 
CAS DICE WE SE DSF edge of CAS Operation Mode 





























L x xX x X _ CBR refresh 

H L L L L X Write transfer 

H L L H L Xx Pseudo transfer 
H L L x H: xX Split write transfer 
H L H X L X Read transfer 

H L H xX H xX Split read transfer 
H H L xX L L Read/mask write 
H H L X L H Mask block write 
H H L Xx H Xx Flash write 

H H H X L L ReadMrite 

H H H X L H Block write 

H H H X H X Color register read/write 





Note: X; Don't care. 


PN 


CAS (input pin): Column address and DSF signal 
are fetched into chip at the falling edge of CAS, 
which determines the operation mode of 
HM538123B. CAS conrols output impedance of 
YO in RAM. 

A0-A8 (input pins): Row address (AX0-AX8) is 
determined by AQ-A8 level at the falling edge of 
RAS. Column address (AYO-AY7) is determined 
by AO-A7 level at the falling edge of CAS. In 
transfer cycles, row address is the address on the 
word line which transfers data with SAM data 
register, and column address is the SAM start 
address after transfer. 

WE (input pin): WE pin has two functions at the 
falling edge of RAS and after. When WE is low at 
the falling edge of RAS, the HM538123B mums to 
mask write mode. According to the I/O level at the 
time, write on each I/O can be masked. (WE level 
at the falling edge of RAS is don’t care in read 
cycle.) When WE is high at the falling edge of 
RAS, a normal write cycle is executed. After that, 
WE switches read/write cycles as in a standard 
DRAM. In a transfer cycle, the direction of 
transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), 
and when WE is high, data is transferred from 
RAM to SAM (data is read from RAM). 

1/00-1/07 (input/output pins): I/O pins function 
as mask data at the falling edge of RAS (in mask 
write mode). Data is written only to high I/O pins. 
Data on low I/O pins are masked and internal data 
_are retained. After that, they function as 
input/output pins as those of a standard DRAM. In 
block write cycle, they function as address mask 
data at the falling edge of CAS. 

DT/OE (input pin): DT/OE pin functions as DT 
(data transfer) pin at the falling edge of RAS and 
as OE (output enable) pin after tha. When DT is 
low at the falling edge of RAS, this cycle becomes 
a transfer cycle. When DT is high at the falling 
edge of RAS, RAM and SAM operate indepen- 
dently. 

SC (input pin): SC is a basic SAM clock. Ina 
Serial read eyelets =e outputs from an SI/O pin 


ce 


Syaice WEOESE vee ee Gog edss woe. wia 


serial write cycle, data on an SI/O pin at the rising 
edge of SC is fetched into the SAM data register. 

SE (input pin): SE pin activates SAM. When SE 
is high, SI/O is in the high impedance state in 
serial read cycle and data on SI/O is not fetched 
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into the SAM data register in serial write cycle. 
SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of 
Sc. 

SI/O0-SI/O7 (input/output pins): SI/Os are 
input/output pins in SAM. Direction of 
input/output is determined by the previous transfer 
cycle. When it was a read transfer cycle, SI/O 
outputs data. When it was a pseudo transfer cycle 
or write transfer cycle, SI/O inputs data. 

DSF (input pin): DSF is a special function data 
input flag pin. It is set to high ar the falling edge of 
RAS when new functions such as color register 
read/write, split transfer, and flash write, are used. 
DSF is set to high at the falling edge of TAS when 
block write is executed. 

QSF (output pin): QSF outputs data of address 
A7 in SAM. QSF is switched from low to high by 
accessing address 127 in SAM and from high to 
low by accessing 255 address in SAM. 


Operation of HM538123B 


RAM Read Cycle (DT/OE high, CAS high and 
DSF low at the falling edge of RAS, DSF low at 
the falling edge of CAS) 


Row address is entered at the RAS falling edge and 
column address at the CAS falling edge to the 
device as in standard DRAM. Then, when WE is 
high and DT/OE is low while CAS is low, the 
selected address data outputs through [/O pin. At 
the falling edge of RAS, DT/OE and CAS become 
high to distinguish RAM read cycle from transfer 
cycle and CBR refresh cycle. Address access time 
(taa) and RAS to column address delay time 
(trap) specifications are added to enable high- 


speed page mode. 


RAM Write Cycle (Early Write, Delayed Write, 

Read-Modify-Write) 

(DT/OE high, TAS high and DSF low at the falling 
edge of RAS, DSF low at the falling edge of TAS) 


* Normal Mode Write Cycle (WE high at the 
falling cdgo 227 

When CAS and WE are set low after driving RAS 
low, a write cycle is executed and I/O data is 
written in the selected addresses. When all 8 I/Os 
are writen, WE should be high at the falling edge 
of RAS to distinguish normal mode from mask 
write mode. 
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If WE is set low before the TAS falling edge, this 
cycle becomes an early write cycle and I/O 
becomes in high impedance. Data is entered at the 
CAS falling edge. 

If WE is set low after the CAS falling edge, this 
cycle becomes a delayed write cycle. Data is input 
at the WE falling. I/O does not become high 
impedance in this cycle, so data should be entered 
with OE in high. 

If WE is set low after tcwp (min) and tawp (min) 
after the CAS falling edge, this cycle becomes a 
read-modify-write cycle and enables read/write at 
the same address in one cycle. In this cycle also, 
to avoid I/O contention, data should be input after 
reading data and driving OE high. 

* Mask Write Mode (WE low at the falling edge 
of RAS) 

If WE is set low at the falling edge of RAS, the 
cycle becomes a mask write mode which writes 
only to selected I/O. Whether or not an I/O is 
written depends on I/O level (mask data) at the 
falling edge of RAS. Then the data is written in 
high I/O pins and masked in low ones and internal 
data is retained. This mask data is effective during 
the RAS cycle. So, in high-speed page mode, the 
mask data is retained during the page access. 
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High-Speed Page Mode Cycle (DT/OE high, 
CAS high and DSF low at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data 
of the same row address at high speed by toggling 
CAS while RAS is low. Its cycle time is one third 
of the random read/write cycle. In this cycle, read, 
write, and block write cycles can be mixed. Note 
that address access timé (ta), RAS to column 
address delay time (trap), and access time from 
CAS precharge (tacp) are added. In one RAS 
cycle, 256-word memory cells of the same row 
address can be accessed. It is necessary to specify 
access frequency within tp asp max (100 ps). 


Color Register Set/Read Cycle (CAS high, 
DT/OE high, WE high and DSF high at the falling 
edge of RAS) 


In color register set cycle, color data is set to the 
internal color register used in flash write cycle or 
block write cycle. 8 bits of internal color register 
are provided at each I/O. This register is 
composed of static circuits, so once it is set, it 
retains the data until reset. Color register set cycle 
is just as same as the usual write cycle except that 
DSF is set high at the falling edge of RAS, and 
read, early write and delayed write cycle can be 
executed. In this cycle, HM538123B refreshs the 
row address fetched at the falling edge of RAS. 
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at the falling edge of RAS, this cycle starts. Then, 
and mask data is given to I/O. Mask data is as 


same as that of a RAM wnite cycle. High VO is 
cleared, low I/O is not cleared and the internal data 


is retained. Cycle time is the same as those of 


RAM read/write cycles, so all bits can be cleared 


the row address to clear is given to row address 


In a flash write cycle, a row of data (256-word x 8- 
bit) is cleared to 0 or 1 at each I/O according to the 
data of color register mentioned before. It is also 
necessary to mask Y/O in this cycle. When CAS 


Flash Write Cycle (CAS high, DT/OE high, WE 
low and DSF high at the falling edge of RAS) 


in 1/256 of the usual cycle time. (See figure 1.) 


and DT/OE is set high, WE is low, and DSF is high 


Flash Write Cycle 


Fiash Write Cycle , 
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Execute flash write into 


Set color register 


each I/O on row address 


Xj using color resister. 


Execute flash write into each 
/O on row address Xi usin 
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color resister. 


Low : Mask 
High : Non Mask 


*1 VO Mask Data 
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Block Write Cycle (CAS high, DT/OE high and 
DSF low at the falling edge of RAS, DSF high at 
the falling edge of TAS) 


In a block write cycle, 4 columns of data (4-word x 
8-bit) is cleared to 0 or 1 at each I/O according to 
the data of color register. Column addresses AO 
and AI are disregarded. The data on I/Os and 
addresses can be masked. [/O level at the falling 
edge of CAS determines the address to be cleared. 
(See figure 2.) 

* Normal Mode Block Write Cycle (WE high at 
the falling edge of RAS) 


The data on 8 I/Os are all cleared when WE is high 
at the falling edge of RAS. 

* Mask Block Write Mode (WE low at the falling 
edge of RAS) 

When WE is low at the falling edge of RAS, 
HMS538123B starts mask block write mode to clear 
the data on an optional I/O.- The mask data is the 
same as that of a RAM write cycle. High I/O is 
cleared, low [/O is not cleared and the internal data 
is retained. The mask data is available in the RAS 
cycle. In page mode block write cycle, the mask 
data is retained during the page access. 





Color Register Set Cycle 
RAS 


CAS 
Address - 
WE 

“‘DT/OE 


DSF 







VO Mask Data 
Low: Mask 
High: Non Mask 

Address Mask Data 


Block Write Cycle 


| Low | WO Mask Data_| Mask _| 
| High | Dontcare _| Non mask | 


Block Write Cycie 








| YOO | Columnd (AO = 0, Al = 0) Mask Data 


| YO1 | Columnt.(AO = 1, At 


= 0) Mask Data 


Low: Mask 


| VO2 | Column2 (AO = 0, Al = 1) Mask Data 





| vO3 | Column3 (AO = 1, Al = 1) Mask Data 
Hacienda stn em si SNe 


Figure 2 Use of Block Write 


High: Non Mask 


Transfer Operation 


The HM538123B provides the read transfer cycle, 
split read transfer cycle, pseudo transfer cycle, 
write transfer cycle and split write transfer cycle as 
data transfer cycles. These cmransfer cycles are set 
by driving CAS high and DT/OE low at the falling 
edge of RAS. They have following functions: 

(1) Transfer data between row address and SAM 
data register (except for pseudo transfer cycle) 
Read transfer cycle and split read transfer 
cycle: RAM to SAM 
Write transfer cycle and split write transfer 
cycle: SAM to RAM 

(2) Determine SI/O state (except for split read 
transfer cycle and split write transfer cycle) 
Read transfer cycle: S/O output 
Pseudo transfer cycle and write transfer cycle: 
SY/O input 

(3) Determine first SAM address to access after 
transferring at column address (SAM start 
address). 

SAM start address must be determined by read 

transfer cycle or pseudo transfer cycle (split 

transfer cycle isn’t available) before SAM access, 
after power on, and determined for each transfer 


cycle. 


RAS 
CAS 


Address 


DT/OE 


DSF 


sc 
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Read Transfer Cycle (CAS high, DT/OE low, WE 
high and DSF low ar the falling edge of RAS) 


This cycle becomes read transfer cycle by driving 
DT/OE low, WE high and DSF low at the falling 
edge of RAS. The row address data (256 x 8-bit) 
determined by this cycle is transferred to SAM 
data register synchronously at the rising edge of 
DT/OE. After the rising edge of DT/OE, the new 
address data outputs from SAM start address 
determined by column address. In read transfer 
cycle, DT/OE must be risen to transfer data from 
RAM to SAM. 

This cycle can access SAM even during transfer 
(real time read transfer). In this case, the timing 
tgpp (min) specified between the last SAM access 
before transfer and DT/OE rising edge and tspy 
(min) specified between the first SAM access and 
DT/OE rising edge must be satisfied. (See figure 
3.) 

When read transfer cycle is executed, SI/O 
becomes output state by first SAM access. Input 
must be set high impedance before ts7s5 (min) of 
the first SAM access to avoid data contention. 





Figure 3 Real Time Read Transfer 
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Pseudo Transfer Cycle (CAS high, DT/OE low, 
WE low, SE high and DSF low at the falling edge 
of RAS) 


Pseudo transfer cycle switches SI/O to input state 
and set SAM start address without data transfer to 
RAM. 

This cycle starts when TAS is high, DT/OE low, 
WE low, SE high and DSF low at the falling edge 
of RAS. Data should be input to SI/O later than 
tsqp (min) after RAS becomes low to avoid data 
contention. SAM access becomes enabled after 
tsRD (min) after RAS becomes high. In this cycle, 
SAM access is inhibited during RAS low, there- 
fore, SC must not be risen. 


Write Transfer Cycle (CAS high, DT/OE low, 
WE low, SE low and DSF low at the falling edge 
of RAS) 


Write transfer cycle can transfer a row of data 
input by serial write cycle to RAM. The row 
address of data transferred into RAM is determined 
by the address at the falling edge of RAS. The 
column address is specified as the first address for 
serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after 
tsrp (min) after RAS becomes high. SAM access 
is inhibited during RAS low. In this period, SC 
must not be risen. Data transferred to SAM by 
read transfer cycle or split read transfer cycle can 
be written to other addresses of RAM by write 
transfer cycle. However, the address to write data 
must be the same as that of the read transfer cycle 
or the split read transfer cycle (row address AX8). 


Split Read Transfer Cycle (CAS high, DT/OE 
low, WE high and DSF high at the falling edge of 
RAS) 


To execute a continuous serial read by real time 
read transfer, HM538123B must satisfy SC and 
DT/OE timings and requires an external circuit to 
detect SAM last address. Split read transfer cycle 
makes it possible to execute a continuous serial 
read without the above timing limitation. Figure 4 
snows the block diagram for a split transfer. SAM 
data register (DR) consists of 2 split buffers, whose 
organizations are 128-word x 8-bit each. Let us 


suppose that data is read from upper data register 
DR1 (The row address AX8 is 0 and SAM address 
A7 is 1.). When split read transfer is executed 
setting row address AX8 0 and SAM start 
addresses AO to A6, 128-word x 8-bit data are 
transferred from RAM to the lower data register 
DRO (SAM address A7 is 0) automatically. After 
data are read from data register DR1, data start to 
be read from SAM start addresses of data register 
DRO. If the next split read transfer isn’t executed 
while data are read from data register DRO, data 
Start to be read from SAM start address 0 of DR1 
after data are read from data register DRO. If split 
read transfer is executed setting row address AX8 
1 and SAM start addresses AO to A6 while data are 
read from data register DR1, 128-word x 8-bit data 
are transferred to data register DR2. After data are 
read from data register DR1, data start to be read 
from SAM start addresses of data register DR2. If 
the next split read transfer isn’t executed while 
data is read from data register DR2, data start to be 
read from SAM start address 0 of data register 
DR3 after data are read from data register DR2. In 
this ime, SAM data is the one transferred to data 
register DR3 finally while row address AX8 is 1. 
In split read data transfer, the SAM start address 
A7 is automatically set in the data register which 
isn’t used. 

The data on SAM address A7, which will be 
accessed next, outputs to QSF, QSF is switched 
from low to high by accessing SAM last address 
127 and from high to low by accessing address 
255. 

Split read transfer cycle is set when CAS is high, 
DT/OE is low, WE is high and DSF is high at the 
falling edge of RAS. The cycle can be executed 
asyncronously with SC. However, HM538123B 
must be satisfied tsps (min) timing specified 
between SC rising and RAS falling. SAM start 
address must be accessed, satisfying trsT (min), 
test (min) and tast (min) timings specified 
between RAS or CAS falling and column address. 
(See figure 5.) 

In split read transfer, SI/O isn’t switched to output 
state. Therefore, read transfer must be executed to 
SwHCS SI'S w vuupud stae when the prcovicus 
transfer cycle is pseudo transfer or write transfer 
cycle. 
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Figure 4 Block Diagram for Split Transfer 


tsts (min) tast (min) 






Adress Cx XD 
tast (min) 
ee SS 
DOT/OE 
sc 255 | n 127 127 + Yj 
(127) (n + 127) (255) (Yj) 





Figure § Limitation in Split Transfer 
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Split Write Transfer Cycle (CAS high, DT/OE 
low, WE low and DSF high at the falling edge of 
RAS) 


A continuous serial write cannot be executed 
because accessing SAM is inhibited during RAS 
low in write transfer. Split write transfer cycle 
makes it possible. In this cycle, tsrs (min), trast 
(min), test (min) and tast (min) timings must be 
satisfied like split read transfer cycle. And it is 
impossible to switch SI/O to input state in this 
cycle. If SI/O is in output state, pseudo transfer 
cycle should be executed to switch SI/O into input 
state. Data cansferred to SAM by read transfer 
cycle or split read transfer cycle can be written to 
other addresses of RAM by split write transfer 
cycle. However, pseudo transfer cycle must be 
executed before split write transfer cycle. And the 
MSB of row address (AX8) to write data must be 
the same as that of the read wansfer cycle or the 
split read transfer cycle. 


SAM Port Operation 
Serial Read Cycle 


SAM port is in read mode when the previous data 
transfer cycle is read transfer cycle. Access is syn- 
chronized with SC rising, and SAM data is output 
from SI/O. When SE is set high, SI/O becomes 
high impedance, and the internal pointer is incre- 
mented by the SC rising. After indicating the last 
address (address 255), the internal pointer indi- 
cates address 0 at the next access. 


Serial Write Cycle 


If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into 
write mode. In this cycle, SI/O data is fetched into 
data register at the SC rising edge like in the serial 
read cycle. If SE is high, S1/O data isn’t fetched 
into data register. Internal pointer is incremented 
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by the SC rising, so SE high can be used as mask 
data for SAM. After indicating the last address 
(address 255), the internal pointer indicates 
address 0 at the next access. 


Refresh 
RAM Refresh 


RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is executed 
by accessing all 512 row addresses within 8 ms. 
There are three refresh cycles: (1) RAS-only 
refresh cycle, (2) CAS-before-RAS (CBR) refresh 
cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write 
cycles or transfer cycles can refresh the row 
address. Therefore, no refresh cycle is required 
when all row addresses are accessed within 8 ms. 
(1) RAS-Only Refresh Cycle: RAS-only refresh 
cycle is executed by activating only RAS cycle 
with CAS fixed to high after inputting the row 
address (=refresh address) from external circuits. 
To distinguish this cycle from data transfer cycle, 
DT/OE must be high at the falling edge of RAS. 
(2) CBR Refresh Cycle: CBR refresh cycle is set 
by activating CAS before RAS. In this cycle, 
refresh address need not to be input through 
external circuits because it is input through an 
internal refresh counter. In this cycle, output is in 
high impedance and power dissipation is lowered 
because CAS circuits don’t operate. 

(3) Hidden Refresh Cycle: Hidden refresh cycle 
executes CBR refresh with the data output by 
reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 


SAM Refresh 


SAM parts (data register, shift register and 
selector), organized as fully static rou: require 
no refresh. 
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Absolute Maximum Ratings 

item Symbol! . Rating Unit 
Terminal! voltage’! Vr -1.0 to +7.0 V 
Power supply voltage*! Veco - -0.5 to +7.0 V 
Short circuit output current lout 50 ; mA 
Power dissipation Pr 1.0 w 
Operating temperature Topr 0 to +70 °C 
Storage temperature Tstg ~-55 to +125 °C 





Note: 1. Relative to Vss. 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 





ttem Symbol Min Typ Max Unit 
Supply voitage*! Voc 4.5 5.0 5.5 V 
Input high voltage*! Vin 2.4 — 6.5 V 
Input low voitage*! Vit -0.5°2 _ 0.8 Vv 





Notes: 1. All voltages referenced to Vss 
2. -3.0 V for pulse width < 10 ns 





HM538123B Series 
DC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, Vss =0 V) 














HM5381238 
-6 -7 -8 -10 Test Conditions 
ttem Symbol Min Max Min Max Min Max Min Max RAM port SAM port 
Operating loc -_ 75 — 7O — 60 — 55 mA RAS, CAS $c 2 Vit. SE = Vin 
current —_———— cycling aN NTE 
loz — 125 — 120 — 100 — 95 MA tao=Min SE =Vy, SC cycling 
tsoc = Min 
Standby leo - 7 — 7 — 7 — 7. mA PASTAS SCHVy,,SE= Vy 
current Vy ———+___. 
lcs — 50 — S50 — 40 — 40 mA SE = Vi_, SC cycling 
tscc = Min 
RAS-only lecg «20 SCO 75 Cl =O 70 SO «260 0 «6885 mA RAS cycling SC = Vy, SE = Vip 
refresh current ———___ $$ CAS Vi 
keg — 125 — 120 — 100 — 95 MA tag#Min SE = Vi, SC cycling 
tscc = Min 
Pagemode lIccg — 80 — 80 — 70 — 65 mA TAS cyclingSC = Vi, SE = Vi, 
current ES EV 
: leci0 _ 130 — 130 — 110 — 105 mA tpc = Min SE = Vit, SC cycling 
tscc = Min 





THS-defore- Iocg — SO — 45 — 40 — 35 mA FAS cyclingSC = Vi, SE = Vj, 























RAS refresh tac = Min ————_—____—_ 
current leer 3 100 — 95 — 8 — 75 mA SE = Vi_. SC cycling 
; tscc = Min 
Data loce — 80 — 75 — 6 — 60 mA RAS, CAS SC = Vi, SE = Vin 
transfer —__——_—_————-___—__|_———— _ eycling ———_—_——_——— 
current locig2 — 130 — 125 — 105 — 100 MA tac =sMin SE = Vj, SC cycling 

. tscc = Min 
Input leakage |, -10 10 -10 10 -1010 -10 10 pA 
current 
Output leakage hg 9-10 10-10 10 -10 10 -10 10 pA 
current 
Outputhigh Voy 24 — 24 ~— 24 — 24 — Vi Ion =-2mA 
voltage 
Outputlow Voo — 04 — 04 — 04 — 0.4 Vi Iq. =42mA 
voltage 
Mote: 1. ts5 danend= an cutout laadine condition whi ths device ie saiccted. log 0k 13 Specifies a: 


the output open condition. 
2. Address can be changed once while RAS is low and TAS is high. 


_ 
> 





| HM538123B Series 
Capacitance (Ta = 25°C, Vcc = 5 V, f = 1 MHz, Bias: Clock, I/O = Vcc, address = Vss) 














ttem Symbol Min Typ Max Unit 
Address Ci; _ _ 5. pF 
Clock Ci2 - —_ 5 pF 
vO, SVO, QSF Cyo a, a 72 pF 





AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, Vgg = 0 V)*1,#16 
Test Conditions 


Input rise and fall time: 5 ns 

Output load: See figures 

Input pulse levels: Vc to 3.0 V 

Input timing reference levels: 0.8 V, 2.4 V 
Output timing reference levels : 0.8 V, 2.0 V 


Output Load (A) Output Load (B) 





Note: 1. Including scope & jig 


15 





HM538123B Series 





Common Parameter 
































HM538123B 
| 6 -7 8 10 

ttem Symbol Min Max Min Max Min Max Min Max Unit Note 
Random read or write cycie time tac 125 — 135 — 1s0 — 180 — ns 
RAS precharge time tap «= SS = SS =860 — 70 — rs 
RAS pulse width tras 60 10000 70 10000 80 10000 100 10000 né 
TAS pulse width . tas 20 — 20 — 20 — 25 — = ns 

Row address setup time task O09 —- OFF — oo — .o— ns 

Row address hold time tray 10 — 10 — 10 — 10 — ns 
Coiumn address setup time tasc OO — oo — oo — oo — ns 
Column address hold time tcay 215 — 15 — 56 — 5 — ns 
RAS to TAS delay time tecp 20 40 20 50 20 60 20 75 ns 2 
FAS hold time referencedto CAS tas, 20 — 20 — 20 — 25 — =~ ns 





TAS hold time referencedtoRAS tos, 60 — 70 — 80 — 100 — ns 























TAS to RAS precharge time tonap 10 — 10 — 10 — 10 — ns 
Transition time (rise to fall) tr 3 50 3 50 3 50 3 50 ns 3 
Refresh period tree — 8 — 8 — 8 — 8 ms 

UT to RAS setup time tots 9 — OF — OF — OF — ns 

DT to RAS hold time tory 10 — 10 — 10 — 10 — = as 
DSF to RAS setup time ttsph9 O09 —- OF — OO — O —- nS 
DSF to RAS hoid time teey 10 — 10 — 10 — 10 — ns 
OSF to TAS setup time ttsc 9 — O09 — O09 — OO — ns 

DSF to TAS hold time tery 15 — 15 — 15 — 15 — ns 
Data-in to TAS delay time toze 09 ~- 0 — 0 — O09 — rs 4 
Data-in to OE deiay time toz7o 0 —- 0 —- 0 — O — ns 4 
Uutput butier turn-off aeiay tope1 — 20 — 20 — 20 — 20 ms 9 
referenced to CAS 

Output buffer turn-off delay topp2 —-— 20 — 20 — 2 — 20 ns § 
referenced to OE 
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Read Cycle (RAM), Page Mode Read Cycle 















































HM538123B 

6 -7 8 “10 
Item Symbol MinMax MinMax Min Max MinMax Unit Note 
Accass time from RAS trac — 60 — 70 — 80 — 100 ns 67 
Access time from CAS tcac — 20 — 20 — 20 — 25 ns 78 
Access time from OE toac — 20 — 20 — 20 — 25 ns 7 
Address access time taa — 35 — 35 — 40 — 45 ns 79 
Read command setuptime tacgs Oo — oO — o — oo — ns 
Read command hoidtime tracy OO — o— o — oo — ns 10 
Read command holdtime tary 10 — 10 — 10 — 10 — ns 10 
referenced to RAS 
RAS to column address trap 15 25 15 35 15 40 15 55 ns 2 
delay time 
Column address to RAS tral 35 — 35 — 40 — 45 — ns 
lead time 
Column address to CAS tea, 35 — 35 — 40 — 45 — ns 
lead time 
Page mode cycle time tpc 45 — 45 — 50 — §5 — ns 
CAS precharge time tcp 10 — 10 — 10 — 10 — ns 
Accass time from CAS tacp — 40 — 40 — 45 — 50 ns 
precharge 


Page mode FAS pulse width trasp 60 100000 70 100000 80 100000 100 100000 ns 
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HM538123B Series 
Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle | 





















































HM5381238 

6 7 8 “10 
ttem Symbol MinMax Min Max Min Max Min Max Unit Note 
Write command setuptime twos O — o— oo — o — ns 11 
Write command hold time twee 15 — 16 — 5 — 1s — ns 
Write command pulse width twp 15 — 15 — Ss — 15 — ns 
Write command to RAS tawL 20 — 20—- 2— 20 — ns 
lead time 
Write command to CAS towl 20 — 20 — 20 — 20 — ns 
lead time 
Data-in setup time tos o— o— oo — o— ns 12 
Data-in hold time tou 15 — 5 — is — 5 — ns 12 
WE to RAS setup time tws Oo — o— o — oo — ns 
WE to RAS hoid time twH 10 — 10 — 10 — 10 — ns 
Mask data to RAS setup time tys o— o — o— o — ns 
Mask data to RAS hold time — ty, 10 — 10 — 10 — 10 — ns 
OE hold time referenced tozeH 20 — 20 — 20 — 20 — ns 
to. . 
Page mode cycle time tpc 45 — 45 — 50 — ss — ns 
TAS precharge time top 10 — 10 — 10 — 10 — ns 
TAS to data-indelaytime tcpp 20 — 20 — 2 — 2 — ns 13 





Page mode RAS pulse width taasp 60 100000 70 100000 80 100000 100 100000 ns 
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Read-Modify-Write Cycle 

| HM538123B 

6 7 8 10 

Item Symbo! Min Max Min Max Min Max Min Max Unit Note 
Read-modify-write cycle time tawo 175 — 185 — 200 — 230 — ns 
RAS pulse width ‘taws 110 10000 120 10000 130 10000 150 10000 ns 
(read-modity-write cycle) 
TAS to WE delay time ttwo 45 — 4 — 4 — 50 — ns 14 
Column address toWE delay tawpo 60 — 60 — 65 — 70 — ns 14 
time 
OE to data-in delay time topp 20 — 20 — 20 — 20 — ons 12 
Access time from RAS trac — 60 — 70 — 8 — 100 ns &,7 
Access time from CAS tcac — 20 — 20 — 200 — 25 os 7,8 
Access time from OE tloac — 20 — 20 — 20 — 25 os 7 
Address access time tea -—- 3 — 3 — 40 — 45 ns 7,9 





RAS tocolumn address delay trap 15 25 15 35 15 40 15 55 ns 
time 























Read command setup time tacg O oo —- Oo — o — ns 
Write command to RAS lead =o tpw, «820 — 20 — 20 — 20 — os 

time 

Write commandto TAS lead 3=tew, «820 — 20 — 20 — 20 — os 

time 

Write command pulse width twp 15 — 16 — 15 — 5 — ns 
Data-in setup time tos oo —-— 0 — 0 — OO — rs 1 
Data-in hold time tou 5 — 15 — 15 — 15 — ons 1% 
OE hold time referencedtoWE tops, 20 — 20 — 20 — 20 — os 
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Refresh Cycle 

HM5381238 

. <4 7 8 210 

item Symbo! Min Max Min Max Min Max Min Max Unit Note 
TAS setup time tcsRp 2-10 — 10 — 10 — 10 — ns 
(CAS-betore-RAS refresh) ° 
TAS hold time ttuq 10 — 10 — 10 — 10 — ns 
(CAS-before-RAS refresh) 
RAS precharge to TAS hold time tapg «= 10 SO — Ss 10 — 10 — 10 — ns 
Flash Write Cycle, Block Write Cycle 

HM5381238 

4 -7 8 “10 
item Symbol Min Max Min Max Min Max Min Max Unit Note 
TAS to data-in deiay time ttpp 20 — 20 — 20 — 20 — ns 13 
DE to data-in delay time topp 20 — 20— 20— 2 — ns 13 
Read Transfer Cycle 

HM538123B 

&- 7 8 -10 
ttem - Symbol Min Max Min Max MinMax Min Max Unit Note 





DT hold time referenced to RAS tan, 50 10000 60 1000065 10000 80 10000 ns 























DT hold time referencedto TAS tepy 20 — 20 — 20 — 2 — ns 
DT hold time referenced t tanh 42s se—- 0—- 30 — ns 
column address : 

DT precharge time torp 20 — 20 — 20— 30 — ns 
DT ta FAS delay time tornpn §5 — 65 — 70 — 2&8 — ns 
SC to RAS setup time ttag 25 — 2 — 3 — 30 — ns 
1stSCtoRAS hoidtime tgay «60 — +70 — 80 — 100— ns 
1st SC to TAS hoid time '  ttth 2 — 2 — 28 — 2 — ns 
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Read Transfer Cycie (cont) 

HMS38123B 

&- 7 8 10 

Item : Symbol Min Max Min Max Min Max MinMax Unit Note 
1st SC to column address tSaH 40 — 40 — 45 — 50 — ns 
hold time : 
Last SC to DT delay time Yo on ee “as 
1st SC to DT hold time tsp 2:10 — 10 — 165 — 15 = ns 
RAS to OSF delay time tran — 65 — 70 — 75 — 85 ns © 15 
TAS to OSF delay time tteo —- 35 — 35 — 40 — 40 ns 18 
DT to QSF delay time tpep —- 35 — 35 — 35 — 35 ns 18 
QSF hold time referenced tray 20 = 20 — 20 — 25 — ns 
to RAS 
QSF hold time referenced egy Be See GS Se AS ees, cs 
6 ; 
QSF hoid time referenced tooo iS — § —- 5 — 5 — ns 
to DT 
Serial data-in to 1st SC delay —tgzg o = oO - O09 = O = ns 
time 
Serial clock cycie time tscc 25 — 2 — 30 — 30 — ns 
SC pulse width tsc 5 = 5 —- 10 — 10 — ns 
SC precharge time tsce 10 — 10 — 10 — 10 — ns 
SC access time tsca oo — «(200 22 25S ns 15 
Serial data-out hoid time tooo OS 5 —~- 5 —- 5 = ns 
Serial data-in setup time tsis oo — oO - 0 —- Oo-— ns 
Serial data-in hold time tsi 6 — 1S — 18 — 1s — ns 





FAS tocolumn address delay tran 15 25 15 35 158 40 15 55 ns 
time 





Column addresstoRAS lead = tty, «= 95 OS OO OS ns 
time 





RAS precharge to DT high hold tory, +10 — 10 — 10 — 10 — ns 
time 
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HM538123B Series 





Pseudo Transfer Cycle, Write Transfer Cycle 














HM538123B8 
6 7 8 -10 
ttem Symbol Min Max Min Max MinMax Min Max Unit Note 
SE setup time referenced tes o — o-—- 0o-—- O0O-=— ns 
to RAS 
SE hold time reterenced to RAS te, 10 — 10 — 10— 10 — ns 
SC setup time referenced tsrs 2a — 2a — 30 — 30 — ns 
to RAS 
FAS to SC delay time tsap 20 — 20 — 2— 2 — ns 





Serial output buffer turn-off time tspaz 10 40 10 40 10 45 10 50 ns 
referenced to RAS 



































RAS to serial data-in delay time tgip 40 — 40 — 45 — 50 — ns 

RAS to QSF delay time trap —- 6 — 70 — 75 — 85 ns 15 
TAS to QSF delay time ttoep — 35 — 35 — 40 — 40 ns 15 
QSF hold time referenced taaoH 42 20 20 — 2— 2 — ns 

to RAS 

QSF hold time referenced tcon «25S l= § —- 5 — S = ns 

to TAS 

Serial clock cycle time tscc 2a — 2a — 30— 30 — ns 

SC pulse width tsc 5s =— 5 — 10 — 10 — ns 

SC precharge time tscp 10 — 10 — 10 — 10 — ns 

SC access time tsca = — 20 22 OS 8S ns 15 
SE access time tsea «0 200 — 22 OS — 8S ns «15 
Serial data-out hold time tson 325 5 —- 5 — 5 = ns 
Serial write enabie setuptime tsws 5 — § —- 5 —- S = ns 
Serial data-in setup time tsis oo — oo —-— Oo — OO = ns 
Serial data-in hold time ‘sq 15 — 5 — 15 — 15 — ns 
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HM538123B Series 





Split Read Transfer Cycle, Split Write Transfer Cycle 












































HM538123B 

6- 7 8 -10 
ttem Symbol Min Max Min Max Min Max MinMax Unit Note 
Spit transfer setup time tsTs 20 — 20 — 20 — 23a— ns 
Split transter hold time cc 6. =e ee aoe (ae 
referenced to RAS 
Split transfer hold time test 20 — 20 — 20 — 23— ns 
referenced to CAS 
Split transfer hoid time tasT 35 — 35 — 40 — 45 — ns 
referenced to column address 
SC to OSF delay time tsqp — 30 — 30 — 30 — 30 ns 15 
QSF hold time referenced to SC tsqy 5 — 5 — Ss — 5 — ns 
Serial clock cycle time tscc 25 — 2—- 30 — 30 — ns 
SC pulse width tsc 5 =— 5 — 10 — 10 — ns 
SC precharge time - tscp 10 — 10 — 10 — 10 — ns 
SC access time tsca «6 — — 200 CO — S22 5 — «8 ns 15 
Serial data-out hold time tson «CCS 5 —- 5 —- 5 = ns 
Serial data-in setup time tsis oO — o— oO — oO — ns 
Serial data-in hold time ton 15 — 15 — 15 — 15 — ns 





RAS to column address delay trap 15 25 1§ 35 15 40 15 55 ns 
time 





Column addressto RAS lead = =othy, «= 85 OS OS ns 
time 
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HM538123B Series 





Serial Read Cycle, Serial Write Cycle 



































HM538123B 

6- 7 8 “10 
item Symbo! Min Max Min Max Min Max MinMax Unit Note 
Serial clock cycle time tscc 25 — 2a —- 30 — 30 — ns 
SC pulse width tsc s — 5 — 10 — 10 — ns 
SC precharge width ttcp «=810 — 10 — 10 — 10 — ns 
Access time from SC ttca 3 =— 20 — 22 — 25 — 25 ns 15 

Access time from SE ttea «(200 C= 22 25 — «CS ns 15 

Serial data-out hold time tsoH Sl 5 =~ § —= 5§ = ns 
Serial output buffer turn-off tsez  —- 20 — 20 — 20 — 20 ns 5 
time referenced to SE 
Serial data-in setup time tsis o = o —- Oo —- O = ns 
Serial data-in hold time sik 1s — 15 — 1s — 1s — ns 
Serial write enable setuptine tsws 5 — §& —- S& — 5 — ns 
Serial write enable hold time tswH 18 — 1S — 15 — 15 — ns 
Serial write disable setuptime tswis 5 — § —- 5 = 5s =— ns 
Serial write disable hoid time tswiH 15 — 1§ — 15 — 15 — ns 
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Notes: 
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ON: 


—_ 
=~O WOON 


12. 
13. 


15. 
16. 


HM538123B Series 


AC measurements assume ty = § ns. 

When taco > taco (max) or tran > trap (max), access time is specified by tcac or tag. 
Vinq (min) and Vi, (max) are reference levels for measuring timing of input signais. 
Transition time ty is measured between Vj, and Vj. 


. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write 


cycle and delayed write cycle, either to7z¢ (min) or tpz0 (min) must be satisfied. 


» torr: (Max), togee (max) and tgez (max) are defined as the time at which the output achieves 


the open circuit condition (Voy — 100 mV, Voy + 100 mV). 


. Assume that taco < tacp (max) and tran < trap (max). If tacp af trap is greater than the 


maximum recommended value shown in this table, trac exceeds the vaiue shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

. When taco 2 tacp (max) and trap s trap (max), access time is specified by tc ac. 

. When tacp s taco (max) and trap 2 trap (max), access time is specified by tay. 

. If either tacy Of tary is satisfied, operation is guaranteed. 

. When twcs 2 twcs (min), the cycle is an early write cycle, and VO pins remain in an open 


circuit (high impedance) condition. 

These parameters are specified by the later falling edge of CAS or WE. 

Either tepp (Min) or togp (min) must be satistied because output buffer must be turned off by 
CAS or OE prior to applying data to the device when output buffer is on. 


. When tawo 2 tawp (min) and tcwp 2 tcwo (min) in read-modify-write cycle, the data of the 


selected address outputs to an VO pin and input data is written into the selected address. tooo 
(min) must be satisfied because output buffer must be turned off by OE prior to applying data to 
the device. 

Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

After power-up, pause for 100 ps or more and execute at least 8 initialization cycle (normal 
memory cycle or refresh cycle), then start operation. 


HM538123B Series 





Timing Waveforms *17 


Read Cycle 


[Pea ae eee Pg 


Ltasall trawl tase 


toan 
Address (XX Row XX) COCO MEO OEE OLS, 
RC. t 


recs! iol EE 


| na (ACH 
We x | OOOOXKKXX 
| tcoo 
tore | | 
vo 


| 
torra|-—l 
XXXXXXK2 
toz0 
: tors | tom 
XXX jh 
esc tom 


Y tesa | 
cy EX\ YXXKXXKAKKKKKKKKAKK KK KKK? 


SKXXXKD 


Ltesa tary 





Note17: EX] Hor L (H: Vig (min) $ Viy s Vip (max), L: Vip (min) ¢ Vi < Viz. (max)) 
ESS] invalid Dout 


Early Write Cycle 








RAS 
tone 
| taco | tasn 


CAS =e eee SE 
a= 
Address (XM Row = XX Column KXXXXXXKXXKXKKAAKKY 
Sen | twos || twont 
we XK _*1KXN LV XXXXXXXK KK KKK KKK KAKAKAN | 
a (eee 2 
KXXXKKKKK KKK AKA KK KAKA AKAN 
i il iste | 
BIE (X/ i Ly XXKKXKKXKKKKKKKKKKKKKAKKKKAAKKMS 
SA s< tcrH 
XN 








VXXXXXKKKKKKKKKKXXX XK KKK? 


Note: 1. This cycle becomes a norma! mode write cycie when WE is high and a mask write cycle when 
WE is low. 


OSF X\ 





HM538123B Series 





Delayed Write Cycle 


tae 


pe ee eg tone 
| 
= = teas | = 
ta _| TRA tase Tous l 
Address XK Row XX Cotumun KX XXX KXKXXXXKAXAXKY) 
oe lal [i Jon 
x) a eae | Kote KX XX KKK AAR AKKK 


. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 


WE is low. 





Read-Modify-Write Cycle 


NAXXXKKXX 


ANAK OAR 


Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 
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Page Mode Read Cycle 


ow ir 
tasn [aan tasc!; (CAH 


nen 
oe ra toze 


| - 
‘x . trans XS 

a9 tozo! |! 
AX IL PIXE ee 





we hl ow 
Saute KK YK Sa KXLY 


Address (Xow KY) AcoureK SAN) 


oe twest! twen twos! | two: 
os KX KX XX | XX XN || VRXXXXKKKK 
i —__=— 


a 
trout Ww fe ~ XOX COXON Valid Din XXX Eva On} OXKXKKKKKKX 


BTOE = mK XXXXKXKXX XXX 


$5 


laFH fom rend 1CFH lesc} taal tFsc; (crx 
[AN ESC | AJOTRTIETOITA RKTRIRRA | Sa Tiay Aa T RAY A EO OES 


eee ee ee ee eee ae ee ee 


Note: 1. This cycie becomes a normal mode write cycle when WE is high and a mask write cycle when 





is low. 
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HM538123B Series 


Page Mode Write Cycle (Delayed Write) 


aE 
(input 08 bd DONE 2 GEE XRAY KR 


tors _ | ww QEH 


DT/OE it 
; ss" yay best tcrH tesc ice 


Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
is low. 





RAS-Only Refresh Cycle 


Low 
= Oia. 
Adsceas 
(Spun 
XXXKXXKKX 


om i 
So a (XXXXXXXXXXEXXKELAKELXAKE 
Bie ra | ~ AXXXXXXXXAKKK KARL KAA KY 


OsF RN EXXXEXXKKXKKXXXXK XK 
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HM538123B Series 
CAS-Before-RAS Refresh Cycle 


aS {too || tesa [tena | mee 
= mr VARY abr Fang Tansaoe OY 
paeos XXXKXXEKXXEEXERKXEKKREKEXEREEEXERREEREE! 


we = XXXXXKXKXXXXKKKKKKKKKKAK KAKA AKKKKKKXKK KK 
vo ‘LOFF1 High-Z 
(Output) 


BTOE XXXXXXXXXXXXKKXKXXXKKKKAKKKAK KX KKAKAKKX KK 
ose XXXXKXXXXXXKKKXKKKKXKKKKXKKXKX KKK X KK XXX KKK 





Hidden Refresh Cycle 


: RAD _ tra! 
A 
poe L TRAM Tf tasc! | TCAH 


XXX Row 2 OD cote KKK XX EERE KR) 
{ tACS ew | {RA 

XXXXXXXXX | tone | AXXXKKKKKKXKKXKXX KKK KKK 
| Valid Dour 


AXXKX 


DXXKKX) 
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HM538123B Series 





Color Register Set Cycle (Early Write) 


twH | 


gee 


{Row} x 
} twes! | tweH{ ; 
XXX | NAMIE SOCOCCCOOCCOCOCOOOCOOOOCO0.66, 
| High-Z 
(Output) | | tos | tow, 


(rout) XXXXXAXKKKM Color Data KX XXX KK KKK XXX KK XXXKAKKKN 
[tors {L tom | 

BTGE XXX | XXKKKXKKKKKKKKKKXKKKEKXKKKK XK 
Ltesa!| tare 

ose =XXXA KKK XKXKKKK KKK KKK KAKA 





Color Register Set Cycle (Delayed Write) 





taco ! tRsH 


CAS 
. 
[cin 2] 
Address YX Row KX XXX KKXKXXKKKKXKKKKKKKK KA) 
eh 
twa | 
XK ro ee SOCCCCCCCCCCECES 
| High-Z 
CaO OXXKXXKXXKOEK KX KKK 


ED CCCCCCCCECCCCEENES: 
LOTS toe! 


toen 
TE OF AXXXXXKKXKEKXKEKKAL 
ose ee LEK Y RYU NYY K VERRY ERK 


we 
vo 
(Oupup 
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HM538123B Series 
Color Register Read Cycle 


tasaA || tran | | 


it | 
Address XXX Row  XXXXXXXXXXXXKAXAKXAKKAKK KAKA) 
j (RAH IF thea | 


a 006 | VG | rr 0500.00.04 Y - ws XXX 


lorry. | 


| 


torr2 |oee ; 
LEK KKK XE — XXXX 
tors tom 


tesa ies LAXXXS FXXXXXXXKK 
— H 
MXKKXX KKK KKK KKK XK KKK) 

















fel i, RRR REXAXXXEERERRKXIN 
XXXXXXAY XXXXXXXXXXXXXKXLM) 


we 
XXKXKXKKK aml sa 


LS 
















6% 70700-6008, %y | High-Z 
e%eteretere etetetete 
OQVVSSSOCF 









XXKKKXKMKKKKX KKK) 





COCO eWOeG, 
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HMS538123B Series 
Block Write Cycle 


XXX 


waa || 
ASR_'} TRA plas! | tcan 


WOOOOQXQOOK Row XA Column 02-08 XXX KX XXX) 
ciws_ || twa | | 
a 


High-Z 


| tus | tH | 1 f08. sy 
LOR YO Mask DataX Mh Mase Ose AK XXKKXXXXXKX KKK 
tots tot 
OOK NEE A SIR EA 
tesa || (RFH tese || torn 


DSF _XXXXXXXXX OG; WECOCOCECECEOEOE 


Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 





HM538123B Series 
Page Mode Block Write Cycle 


| | I | | 
C KXXXXXXKXXXLKXXLKXXXAXKAXKXAXKAXKAED 


| | High-Z 


. tos \| 
IM pS aem ee LOH 


ro | | 
BOE XXA | AXXKKAKKXXX QDR KAKKK KKK 
tesa || taFH wesc || rene ese ll tor ene Lerten 


or XX YF NXXX* XXX XXXXXXXXKK 


Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
is low. 





HMS538123B Series 
Read Transfer Cycle (1) 


| 
KEK III III III IIIA 
| alton 


! 
i 
toTp 


POOOOQOOQOQOD OQ 





svo 
(Output) 


svo 
(Input) 


OsF " SAM Address MSB 
{ROO 


{CoH 
(ROH 


=m eee a 4 
SAM Address MSB p XX KKM 
i i 


1. This QSF timing is referred when SC is risen once or more between the previous transfer 
cycle and TAS falling edge of this cycle (QSF is switched by DT rising). 

2. This QSF timing is referred when SC isn’t risen between the previous transfer cycle and CAS 
falling edge of this cycle (QSF is switched by RAS or CAS falling). 








HM538123B Series 





Read Transfer Cycle (2) 


taco 

tRaD__. 

| 
XX KK XXX KKK K KKK KKK KKK 


vo 
(Output) 


DT/OE 


tFSA tREH 
DsF m | IXXXXXXXXXRRXKKXXKXXXAXKKKKKE 


“Isrs tson tsec 


tsc tse tscp 
D j ir 


XOX hibit Rising Franslion XXX Y = = 
| {SoH 
Oupuy 88 |S Lyvaiia Sour AV 

SO DE SEXXXXXXXXXXXXKKL KK 


(Input) 
tooo 


toa 


QSF SAM Address MSB K x x 
i 
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5 38123B Series 
Pseudo Transfer Cycle 


taSR TRAH tase || CAH 


506 CE VEE CCOCCCCOCOCOOCE 


——— 


| | 
xX ee XXX 


tesa || taeH 


XX =| SAGES (RRR 


{Sin 


tROM 
QSF SAM Address MSB 
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Write Transfer Cycle 


tasA Le a {CAH 
t Row XU Sete” XXXXXXXXX KX XXX XK) 
tws 
or EEE ETE 


High-Z 

toTs toTH | 
KX IY XXXXK KKK KX KKK KKK KKK KKK KN 
XX lL PRRXXXKKKKKXRKKXKX KKK KKK XK KN 

tes | tex tsws 

__ll__YXXXXXXXXXXXXXXXKKXKN 

| SS eI im 

— haa tsis Hee, rsis | {SiH 


Pa vaia Sin IKK KXXXXKXKXKKXKKKKKX XM, Valid Sin KG Valid Sin X) 
coo 


1 
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Split Read Transfer Cycle 


OKIE III 


YY YY YY Y 
tesa |! tReW 
inn 


ae 
XXXXKXM AK RQQOOOOKE KKK IMAKKKK KKK? 
taST | 


Low 


tsTS | so. 


iy iF nel fed 33 254 255 
sc (no255) 10256) (n=257) (S08) (S10) A ($11) 
: | | {SCA 


511 
; (255) 
tSCA 
svo : |__tSOH., | 
: y yey [7 Hi 
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HM538123B Series 
Split Write Transfer Cycle 


RAS 


CAS 


WE DOK EXXKKAXKKKKKKKAK KKK KKK AKA KKM? 
: High-Z 


"tots | {tom | 


DHE XXXXKXKXA | YRXKXKKXKKXK KKK KKK KKK KEKE 


tesa || RF 
ace | : 
osF = (XXXXXXX/ KKK KKK IKK KKKKKKKE) 


svo 
(Outpuy | tae || tas | | teat 

: eet 
(eu Yawn XQ OE KLK XV ee KEKE KN ee KRY vers sn 


4 


t tsqo 


50H 'SOH 
Vy f\/ 
00: SAM Address MSB KX) 


{ 
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HM538123B Series 





Serial Read Cycle 





Serial Write Cycle 
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HM538123B Series 


Package Dimensions _ Unit: mm 


HMS538123BJ Series (CP-40D) 


26.16 Max 


LS = en 
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- 
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HM538253 Series 


262,144-Word x & Bit Multiport CMOS Video RAM 


HITACHI 


The HM538253 is a 2-Mbit multiport video RAM 
equipped with a 256-kword x 8-bit dynamic RAM 
and a 512-word x 8-bit SAM (full-sized SAM). Its 
RAM and SAM operate independently and 
asynchronously. The HM538253 has basically 
upward-compatibility with the HM534253A / 
HM538123A except that pseudo-write-transfer 
cycle is replaced with masked-write-transfer cycle, 
which has been approved by JEDEC. Furthermore, 
several new features are added to the HM538253 
without conflict with the conventional features. 
Stopping column feature realizes much flexibility 
to the length of split SAM register. Persistent mask 
is also installed according to the TMS34020 
features. 


Features 


*Multiport organization 
Asynchronous and simultaneous operation of 
RAM and SAM capability 
RAM: 256 kword x 8 bit 
SAM: 512 word x 8 bit 
“Access ume 
RAM: 70 ns/80 ns/100 ns (enix) 
SAM: 20 ns/23 ns/25 ns (max) 
*Cycle ume 
RAM: 130 ns/150 ns/180 ns (min) 
SAM: 25 ns/28 ns/30 ns (min) 
*Low power 
Active RAM: 605 mW/550 mW/495mW 
SAM: 358 mW/330 mW/303 mW 
Standby 38.5 mW (max) 
*Masked-write-transfer cycle capability 
«Stopping column feature capability 
+Persistent mask capability 
Fast page mode capability 
~ Cycle ume: 45 ns/50 ns/S5 ns 
~ Power RAM: 605 mW/S78 mW/S50 mW 
«Mask write mode capability 


@o8 
Hitacht 4 
semiconductor 
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Bidirectional data wansfer cycle between RAM 
and SAM capability . 

*Split transfer cycle capability 

*Block write mode capability 
*Flash write mode capability 

¢3 variations of refresh (8 ms/512 eyelet) 


~ RAS-only refresh 


- CAS-before-RAS refresh 


— Hidden refresh 
*TTL compatible 


Ordering Information 


Type No. 
HMS38253J-7 


HMS38253J-8 


HMS38253J-10 
HMS38253TT-7 


’ HMS382S3TT-8 


HMS382S3TT-10 
HM538253RR-7 


HMS38253RR-8 


HMS38253RRA-10 


Access time Package 


70 ns 400 mil 40-pin 
plastic SOU 
80 ns (CP-~<400) 
100 ns 
70 ns 44-pin thin small 
outline package 
80 ns (TTP-40DA) 
100 ns 
70 ns 44-pin thin smail 
outline package 
80 ns (TTP-400AR) 
100 ns 
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Pin Arrangement 
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Pin Description 












































Pin name Function 

AO - A& Address inputs 

Oo - VO7 RAM port data inputs/outputs 
SV/O0 - SVO7 SAM port data inputs/outputs 
RAS Row address strobe 

CAS Column address strobe 

WE Write enable 

OT/OE Data transfer/output enable 
sc Serial clock 

SE SAM pon enable 

OSF1, OSF2 Special function input flag 
QSF Special function output tlag 
Vec Power supply 

Vss Ground 

NL No lead 
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Block Diagram 
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Pin Functions 


RAS (input pin): RAS is a basic RAM signal. It is active in low level and standby in high level. Row 
address and signals as sHown in table | are input at the falling edge of RAS. The input level of these 
signals determine the operation cycle of the HM538253. 


Table 1. Operation Cycles of the HM538253 

































































RAS CAS Address VOn Input 
Mnemonic ee ae 
Code CAS OT/OE WE ODSF1 DSF2 ODSF1 OSF2 RAS CAS RAS CAS/WE 
CBRS 0 - 0 1 0 - 0 Stop - _ = - 
CBRR 0 - 1 0 0 - 0 - - wig. cs 
CBRN 0 - 1 1 0 - 0 - = = < 
MWT 1 0 0 0 0 - 0 Row TAP WM - 
MSWT 1 0 0 1 0 - 0 Row TAP WM = 
RT 1 0 1 0 0 - 0 Row TAP - - 
SAT 1 0 1 1 0 - 0 Row TAP - - 
RWM 1 1 0 0 0 0 0 Row Column WM __inout data 
Register 
Mnemonic Write Pers No.of 
Code Mask W.M. WM Color S8ndry Function 
CBRS - - - - Set CBR refresh with stop resister set 
CBRA - Reset Reset - Reset CBR refresh with register reset 
CBRN - - - - - CBR refresh (no reset) 
MWT Yes No Load/use — - Masked write transfer (new/old mask) 
Yes Use 
MSWT Yes — No Load/use - Use _ Masked split write transfer (new/old mask) 
Yes Use 
RT - - - - - Read transfer 
SRT - - - - Use Spiit read transfer 
RWM Yes No Load/use = - Read/write (new/oid mask) 
Yes Use 
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Table 1. Operation Cycles of the HM538253 (cont) . 






























































Mnemonic RAS CAS Address VOn input 
Code CAS DICE WE OSF1 OSF2 OSF1 OSF2 FAS CAS RAS CASWE 
BWM 1 1 0 0 0 1 0 Row Column WM _ Column Mask 
RW (No) 1 1 1 0 0 0 0 Rew Column -—- __ input Data 
BW (No) 1 1 1 0 0 1 0 Row Column ~- Column Mask 
FWM 1 1 0 1 0 - 0 Row - WM - 
LMR and 1 1 1 1 0 0 0 (Row) — “— Mask Data 
Old Mask Set 
LCR 1 1 1 1 0 1 0 (Row) — - Color 
Option 0 0 0 860 0 ~ 0 Mode - Data - 
Register 
Mnemonic Write Pers No.of 
Code Mask W.M. WM Color Bndry Function 
BWM Yes No Load/use Block write (new/old mask) 
Yes Use Use - 
RW (No) No No - - - Read/write (no mask) 
BW (No) No No - Use - Block write (no mask) 
FWM Yes No Load/use Use - Masked flash write (new/old mask) 
Yes Use 
LMRand  - Set Load - - Load mask register and old mask set 
Old Mask Set 
LOR - - - Load - Load color resister set 
Option - - - - - - 





Notes: 1. With CBRS, all SAM operations use stop register. 
2. After LMR, RWM, BWM, FWM, MWT, and MSWT, use old mask which can be reset by CBAR. 
3. OSF2 is fixed low in all operation. (for the addition of operation mode in future) 


wn 


CAS (input pin): Column address and DSF1 signals are fetched into chip at the falling edge of TAS, which 
determines the operation mode of the HM538253. TAS conmrols ouput impedance of /O in RAM. 


AO - A& (input pins): Row address (AXO - AX8) is determined by AQ - A8 level at the falling edge of 
RAS. Column address (AYO - AY8) is determined by AO - A8 level at the falling edge of TAS. In 
transfer cycles, row address is the address on the word line which transfers data with.SAM data register, 
and column address is the SAM start address after transfer. 


WE (input pin): WE pin has two functions at the falling edge of RAS and after. When WE is low at the 
falling edge of RAS, the HMS38253 mms to mask write mode. According to the I/O level at the time, 
write on each I/O can be masked. (WE level at the falling edge of RAS is don’t care in read cycle.) When 
WE is high at the falling edge of RAS, a no mask write cycle is executed. After that, WE switches 
read/write cycles. In a transfer cycle, the direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from SAM to RAM (data ts written into RAM), and 
when WE is high, data is transferred from RAM to SAM (data is read from RAM). 


1/00 - 1/07 (input/output pins): /O pins function as mask data at the falling edge of RAS (in mask write 
mode). Data is written only to high /O pins. Data on low I/O pins are masked and internal data are 
retained. After that, they funcuon as inut/output pins as those of a standard DRAM. In block write cycle, 
they function as column mask data at the falling edges of TAS and WE. 


BT/OE (input pin): DT/OE pin functions as DT (data transfer) pin at the falling edge of RAS and as OE 
(ourput enable) pin after that. When DT is low at the falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM and SAM operate independenuy. 


SC (input pin): SC is a basic SAM clock. In a serial read cycle, data outputs from an SI/O pin 
synchronously with the rising edge of SC. In a serial write cycle, data on an SI/O pin at the rising edge of 
SC is fetched into the SAM data register. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O is in the high impedance state in serial read 
cycle and data on SI/O is not fetched into the SAM data register in serial write cycle. SE can be used as a 
mask for serial write because the internal pointer is incremented at the rising edge of SC. 


S1/O0 - SI/O7 (input/output pins): SOs are input/output pins in SAM. Direction of inpuVourput is 
determined by the previous transfer cycle. When it was a read transfer cycle, SI/O outputs data. When it 
was a masked write transfer cycle, SI/O inputs data. 


DSF (input pin): DSF1 is a special function data input flag pin. It is set to high at the falling edge of RAS 
when new functions such as color register and mask register read/write, split wansfer, and flash write, are 
used. 2 


DSF2 (input pin): DSF2 is also a special function data input flag pin. This pin is fixed to low level in all 
Operations of the HM538253. 


QSF (output pin): QSF outputs data of address A8 in SAM. QSF is switched from low to high by 
accessing address 255 in SAM and from high to low by accessing address 511 address in SAM. 
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Operation of HM538253 
RAM Port Operation 


RAM Read Cycle (DT/OE high, CAS high and DSF1 low at the falling edge of RAS, DSF1 low at the 
falling edge of CAS) 


Row address is entered at the RAS falling edge and column address at the TAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/OE is low while CAS is low, the selected address 
data outputs through /O pin. At the falling edge of RAS, DT/OE and CAS become high to distinguish 
RAM read cycle from transfer cycle and CBR refresh cycle. Address access time (taq) and RAS to 
column address delay ume (trap) specifications are added to enable fast page mode. 


RAM Write Cycle (Eraly Write, Delayed Write, Read-Modify-Write) 
(DT/OE high, CAS high and DSF1 low at the falling edge of RAS, DSF1 low at the falling edge of CAS) 


« No Mask Write Cycle (WE high at the falling edge of RAS) 

When CAS is set low and WE is set low after RAS low, a write cycle is executed. 

If WE is set low before the CAS falling edge, this cycle becomes an early write cycle and all 1/O become 
in high impedance. 

If WE is set low after the CAS falling edge, this cycle becomes a delayed write cycle. I/O does not 
become high impedance in this cycle, so data should be entered with OE in high. 

If WE is set low after tcwp (min) and tawp (min) after the TAS falling edge, this cycle becomes a read- 
modify-write cycle and enables read/write at the same address in one cycle. In this cycle also, to avoid I/O 
contention, data should be input after reading data and driving OE high. 


* Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, two modes of mask write cycle are capable. 

1. In new mask mode, mask data is loaded from I/O pin and used. Whether or not an I/O is written 
depends on [/O level at the falling edge of RAS. The data is written in high level I/Os, and the data is 
masked and retained in low level I/Os. This mask data is effective during the RAS cycle. So, in page 
mode cycles the mask data is retained during the page access. 

2. If a load mask register cycle (LMR) has been performed, the mask data is not loaded from I/O pins and 
the mask data stored in mask registers persistendy are used. This operation is known as persistent write 
mask, set by LMR cycle and reset by CBRR cycle. 


Fast Page Mode Cycle (DT/OE high, CAS high and DSF1 low at the falling edge of RAS) 


Fast page mode cycle reads/writes the data of the same row address at high speed by toggling TAS while 
RAS is low. Its cycle time is one third of the random read/write cycle. In this cycle, read, write, and block 
write cycles can be mixed. Note that address access time (tga), RAS to column address delay time 
(trap). and access time from CAS precharge (tacp) are added. In one RAS cycle, 512-word memory 
cells of the same row address can be accessed. It is necessary to specify access frequency within tpasp 
max (100 ys). 


HMS538253 Series 
Color Register Sev/Read Cycle (CAS high, DT/OE high, WE high and DSF1 high at the falling edge of RAS) 





In color register set cycle, color data is set to the internal color register used in flash write cycle or block 
write cycle. 8 bits of internal color register are provided at each I/O. This register is composed of static 
Circuits, sO once it is set, it retains the data until reset. Since color register set cycle is just as same as the 
usual read and write cycle, so read, early write and delayed write cycle can be executed. [n this cycle, the 
HM538253 refreshes the row address fetched at the falling edge of RAS. 


Mask Register Set/Read Cycle (CAS high, DT/OE high, WE high, and DSF1 high at the falling edge of RAS) 


In mask register set cycle, mask data is set to the internal mask register used in mask write cycle, block - 
write cycle, flash write cycle, masked write transfer, and masked split write transfer. 8 bits of internal 
mask register are provided at each /O. This mask register is composed of static circuits, so once it is set, it 
retains the data unul next mask register set or reset (CBRR). Since mask register set cycle is just as same 
as the usual read and write cycle, so read, early write and delayed write cycle can be executed. 


Flash Write Cycle (CAS high, DT/OE high, WE low, and DSF1 high at the falling edge of RAS) 


In a flash write cycle, a row of data (512 word x 8 bit) is cleared to 0 or 1 at each I/O according to the data 
of color register mentioned before. It is also necessary to mask I/O in this cycle. When CAS and DT/OE 
is set high, WE is low, and DSF1 is high at the falling edge of RAS, this cycle starts. Then, the row 
address to clear is given to row address. Mask data is as same as that ofa RAM write cycle. Cycle time 
is the same as those of RAM read/write cycles, so all bits can be cleared in 1/512 of the usual cycle ume. 
(See figure 1.) 
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Flash Write Cycle. 


1 


Flash Write Cycle, 


Color Register Set Cycle 


' gach VO on row address 


| Execute flash write into 
! Xj using color register. 


| 


; Execute flash write into each 
VO on row address Xi using 
| color register. 


| 
| 


_ Set color register 








*1 VO Mask Data (In new mask mode) 


Low: Mask 


High: Non Mask 
In persistent mask mode, I/O don't care 


Figure 1 Use of Flash Write 
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Block Write Cycle (CAS high, DT/OE high and DSF1 low at the falling edge of RAS, DSF1 high and WE 
low at the falling edge of CAS) 


In a block write cycle, 4 columns of data (4 column x 8 bit) are cleared to 0 or 1 at each I/O according to 
-the data of color register. Column addresses AO and Al are disregarded. The mask data on [/Os and the 
Mask data on column address can be determined independently. I/O level at the falling edge of TAS 

determines the address to be cleared. (See Figure 2.) The block write cycle is as the same as the usual 

write cycle, so early and delayed write, read-modify-write, and page mode write cycle can be executed. 


* No mask Mode Block Write Cycle (WE high at the falling edge of RAS) 
The data on 8 I/Os are all cleared when WE is high at the falling edge of RAS. 


* Mask Block Write Cycle (WE low at the falling edge of RAS) 

When WE is low at the falling edge of RAS, the HM538253 starts mask block write cycle to clear the data 
on an optional I/O. The mask data is the same as that of a RAM write cycle. High I/O is cleared, low [/O 
is not cleared and the internal data is retained. In new mask mode, the mask data is available in the RAS 
cycle. In persistent mask mode, [/O don't care about mask mode. 


Address 2% seer etereree, 








WE 

etese eee 
OT/IOE oI 
OSF1 

vo 












Persistent | Don't care 


(mask register used) 






High | No mask | Don't care 


VO Mask Data (in new mask mode) 

Low: Mask 

High: Non Mask 
In persistent mask mode, /O don't care 
Column Mask Data 
: OO | Columnd (AO = 0, Ai = 0) Mask Data 
Columnt (AO = 1, Al = 0) Mask Data 
VO2 | Colurnn2 (AO = 0, Al = 1) Mask Data 


['vO3_| Column3 (AO = 1, Al = 1) Mask Data |High:Non Mask 
Figure 2 Use of Block Write 












Low: Mask 
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Transfer Operation 


The HM538253 provides the read transfer cycle, split read transfer cycle, masked write transfer cycle and 
masked split write transfer cycle as data transfer cycles. Theses transfer cycles are set by driving TAS 
high and DT/OE low at the falling edge of RAS. They have following functions: 

(1) Transfer data between row address and SAM data register 

Read transfer cycle and split read ransfer cycle: RAM to SAM 

Masked write transfer cycle and masked split write transfer cycle: SAM to RAM 

(2) Determine S1/O state (except for split read transfer cycle and masked split write transfer cycle) 

Read transfer cycle: S/O output 

Masked write transfer cycle: S/O input . 

(3) Determine first SAM address to access after wansferring at column address (SAM start address). 

SAM start address must be determined by read transfer cycle or masked write transfer cycle (split transfer 
cycle isn't available)before SAM access, after power on, and determined for each ransfer cycle. 

(4) Use the stopping columns (boundaries) in the serail shift register. If the stopping columns have been 
set, split wansfer cycles use the stopping columns, but any boundaries cannot be set as the start address. 

(5) Load/use mask data in masked write cransfer cycle and masked split write transfer cycle. 


Read Transfer Cycle (CAS high, DT/OE low, WE high and: DSF1 low at the falling edge of RAS) 


This cycle becomes read transfer cycle by driving DT/OE low, WE high and DSF1 low at the falling edge 
of RAS. The row address data (512 x 8 bits) determined by this cycle is transferred to SAM data register 
synchronously at the rising edge of DT/OE. After the rising edge of DT/OE, the new address data outputs 
from SAM start address determined by column address. In read transfer cycle, DT/OE must be risen to 
transfer data from RAM to SAM. 

This cycle can access SAM even during transfer (real time read transfer). In this case, the timing tspp 
(min) specified between the last SAM access before transfer and DT/OE rising edge and tspjq (min) 
specified between the first SAM access and DT/OE rising edge must be satisfied. (See figure 3.) 

When read transfer cycle is executed, SI/O becomes output state by first SAM access. Input must be set 
high impedance before tszs5 (min) of the first SAM access to avoid data contention. 


a Gime @:7x 


SAM Data betore Transfer | SAM Data after Transter 





Figure 3 Real Time Read Transfer 
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Masked Write Transfer cycle (CAS high, DT/OE low, WE low, and DSF1 low at the falling edge of RAS) 


Masked write transfer cycle can transfer only selected [/O data in a row of data input by serial write cycle 
to RAM. Whether SAM data is transferred or not depends on the corresponding 1/O level (mask data) at 
the falling edge of RAS. This mask transfer operation is the same as a mask write operation in RAM 
cycles, so the persistent mode can be supported. The row address of data transferred into RAM is 
determined by the address at the falling edge of RAS. The column address is specified as the first address 
for serial write after terminating this cycle. Also in this cycle, SAM access becomes enabled after tspp 
(min) after RAS becomes high. SAM access is inhibited during RAS low. In this period, SC must bot be 
risen. Data transferred to SAM by read transfer cycle or split read transfer cycle can be written to other 
addreses of RAM by write transfer cycle. However, the adddress to write data must be the same as that of 
the read transfer cycle or the split read transfer cycle (row address AX8) 


Split Read Transfer Cycle (CAS high, DT/OE low, WE high and DSF1 high at the falling edge of RAS) 


To execute a continuous serial read by real time read transfer, the HM538253 must satisfy SC and DT/OE 
timings and requires an external circuit to detect SAM last address. Split read transfer cycle makes it 
possible to execute a continuous serial read without the above timing limitation. 

The HM538253 supports two types of split register operation. One is the normal split register operation to 
split the data register into two halves. The other is the boundary split register operation using stopping 
columns described later. 

Figure 4 shows the block diagram for the normal split register operation. SAM data register (DR) consists 
of 2 split buffers, whose organizations are 256-word x 8-bit each. Let us suppose that data is read from 
upper data reagister DR1 (The row address AX8 is 0 and SAM address A8 is 1.). When split read transfer 
is executed setting row address AX8 0 and SAM start addresses AO to A7, 256-word x 8-bit data are 
transferred from RAM to the lower data register DRO (SAM address A8 is 0) automatically. After data are 
read from data register DR1, data start to be read from SAM start addresses of data register DRO. If the 
next split read transfer isn’t executed while data are read from data register DRO, data start to be read from 
SAM start address 0 of DR1 after data are read from data register DRO. If split read transfer is executed 
setting row address AX8 1 and SAM start addresses AO to A7 while data are read from data register DR1, 
256-word x 8-bit data are transferred to data register DR2. After data are read from data register DR1, data 
start to be read from SAM start addresses of data register DR2. If the next split read transfer isn't executed 
while data is read from data register DR2, data start to be read from SAM start address 0 of data register 
DR1 after data are read from data register DR2. In split read data transfer, the SAM start address A8 is 
automatically set in the data register, which isn’t used. 

The data on SAM address A8, which will be accessed next, outputs to QSF, QSF is witha from low to 
high by accessing SAM last address 255 and from high to low by accessing address 511. 

Split read transfer cycle is set when CAS is high, DT/OE is low, WE is high and DSF1 is high at the falling 
edge of RAS. The cycle can be executed asyncronously with SC. However, HM538253 must be satisfied 
tSTS (min) timing specified berween SC rising (Boundary address) and RAS falling. In split transfer cycle, 
the HM538253 must satisfy tasz (min), test (min) and tagt (min) timings. specified between RAS or 
CAS falling and column address. (See figure 5.) 

In split read transfer, SI/O isn’t switched to output state. Therefore, read transfer must be executed to 
switch SI/O to output state when the previous transfer cycle is masked write transfer cycle or masked split 
write wansfer cycle, or power on. SAM start address must be set in every split read transfer cycle. 
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SAM WO Bus 
SAM /O Bus 


SAM Column Decoder 








SAM !/O Buffer 


Figure 4 Block Diagram for Split Transfer 
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i‘ Note: Ym is the SAM start address in before SRT. Bi and 8] initiate the boundary address. 





Figure § Limitation in Split Transfer 
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Masked Split Write Transfer Cycle (CAS high, DT/OE low, WE low and DSF1 high at the falling edge of RAS) 





A continuous serial write cannot be executed because accessing SAM is inhibited during RAS low in write 
transfer. Masked split write transfer cycle makes it possible. In this cycle, tsps (min), tast (min), test 
(min) and tas (min) timings must be satisfied like split read transfer cycle. And it is impossible to switch 
SI/O to input state in this cycle. If SI/O is in output state, masked write transfer cycle should be executed 
to switch SI/O into input state. Data transferred to SAM by read transfer cycle or split read transfer cycle 
can be written to other addresses of RAM by masked split write transfer cycle. However masked write 
uransfer cycle must be executed before masked split write transfer cycle. And in this masked split write 
transfer cycle, the MSB of row address (AX8) to write data must be the same as that of the read transfer: 
cycle or the split read transfer cycle. In this cycle, the boundary split register operation using stopping 
columns is capable like split read transfer cycle. 


Stopping Column in Split Transfer Cycle 


The HM538253 has the boundary split register operation using stopping columns. If a CBRS cycle has 
been performed, split wansfer cycle performs the boundary operation. Figure 6 shows an example of 
boundary split register. (Boundary code is B7.) 

First of all a read transfer cycle is executed, and SAM start addresses AO to A8 are set. The RAM data are 
transferred to the SAM, and SAM serial read starts from the start address (Y1) on the lower SAM. After 
that, a split read transfer cycle is executed, and the next start address (Y2) is set. The RAM data are 
transferred to the upper SAM. When the serial read arrive at the first boundary after the split read transfer 
cycle, the next read jumps to the start address (Y2) on the upper SAM (jump 1) and continues. Then the 
second split read wansfer cycle is executed, and another start address (Y3) is set. The RAM data are 
transferred to the lower SAM. When the serial read arrive at the other boundary again, the next read jumps 
to the start address (Y3) on the lower SAM. In stopping column, split transfer is needed for jump operation 
between lower SAM and upper SAM. 





Start Jump 1 


Lower SAM 
256 bit 





Nn 
on 
a 
Ss 
a 


Figure 6 Example of Boundary Split Register 
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Stopping Column Set Cycle (CBRS) 


This cycle becomes stopping column set cycle by driving CAS low, WE low, DSF1 high at the falling edge 
of RAS. Stopping column data (boundaries) are latched from address inputs on the falling edge of RAS. 
To determine the boundary, A2 to A7 can be used and don’t care AO, Al, and A8. In the HM538253, 7 
types of boundary (B2 to B8) can be set including the default case. (See stopping column boundary table.) 
If A2 to A6 are set to high and A7 is set to low, the boundaries (B7) are selected. Figure 6 shows the 
example. The stop address that is set by the CBRS is used from next split transfer cycle. Once a CBRS is 
executed, the stopping column operation mode continues until CBRR. 


Stopping Column Boundary Table 





Stop Address 


Boundary code Columnsize A2 A3 A4 AS A6 A7 


82 7 er cee ee a. — s 
B3 8 1 oOo °¢ a 
B4 16 1 1 0 = : 
BS 32 1 4 4 0  -S 
B6 64 1 1 1 7% 0). <8 
By. 128 - 1 4 14 1 1 0 
B8 256 1 4 14 1 4 4 


Notes: 1.A0, Ai, and A8: don't care 
2.*: don’t care 


Register Reset Cycle (CBRR) 


This cycle becomes register reset cycle (CBRR) by driving CAS low, WE high, and DSF1 low at the 
falling edge of RAS. A CBRR can reset the persistent mask operation and stopping column operation, 

so the HM538253 becomes the new mask operation and boundary code B8. When a CBRR is executed for 
stopping column operation reset and split transfer operation, it needs to satisfy tgts (min) and trst (min) 


between RAS falling and SC rising for correct SAM read/write operation. 
No Reset CBR Cycle (CBRN) 


This cycle becomes no reset CBR cycle (CBRN) by driving TAS low, WE high and DSF1 high at the 
falling edge of RAS. The CBRN can only execute the refresh operation. 
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SAM Port Operation . 


Serial Read Cycle 


SAM port is in read mode when the previous data transfer cycle is a read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output from S/O. When SE is set high, SI/O becomes high 
impedance, and the internal pointer is incremented by the SC rising. After indicating the last address 
(address $11), the internal pointer indicates address 0 at the next access. 


Serial Write Cycle 


If previous data transfer cycle is masked write transfer cycle, SAM port goes into write mode. In this 
cycle, S/O data is fetched into data register at the SC rising edge like in the serial read cycle. If SE is 
high, SI/O data isn’t fetched into data register. The internal pointer is incremented by the SC rising, so SE 
high can be used as mask data for SAM. After indicating the last address (address 511), the internal 
pointer indicates address 0 at the next access. 


Refresh 
RAM Refresh 


RAM, which is composed of dynamic circuits, requires refresh cycle to retain data. Refresh is executed by 
accessing all 512 row addresses within 8 ms. There are three refresh cycles: (1) RAS-only refresh cycle, 
(2) TAS-before-RAS (CBRN, CBRS, and CBRR) refresh cycle, and (3) Hidden refresh cycle. Besides 
them, the cycles which activate RAS, such as read/write cycles or transfer cycles, can also refresh the row 
address. Therefore, no refresh cycle is required when all row addresses are accessed within 8 ms. 


(1) RAS-Only Refresh Cycle: RAS-only refresh cycle is executed by activating only the RAS cycle with 
CAS fixed to high after inputting the row address (= refresh address) from external circuits. To distinguish 
this cycle from a data transfer cycle, DT/OE must be high at the falling edge of RAS. 


(2) CBR Refresh Cycle: CBR refresh cycle (CBRN, CBRS and CBRR) are set by activating CAS before 
RAS. In this cycle, the refresh address need not to be input through external circuits because it is input 
through an internal refresh counter. In this cycle, output is in high impedance and power dissipation is 
lowered because CAS circuits don’t operate. 


(3) Hidden Refresh Cycle: Hidden refresh cycle executes CBR refresh with the data output by reactivating 
RAS when DT/OE and CAS keep low in normal RAM read cycles. In the mask register read cycle and the 
color register read cycle, Dout data guarantted while RAS and CAS are low, and so after the mask register 
read cycle or the color register read cycle is performed, in hidden refresh cycle Dout data is not guarantted. 


SAM Refresh 


SAM parts (data register, shift resister and selector), organized as fully static circuitry, require no refresh. 
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Absolute Maximum Ratings 




















Parameter Symbol Value Unit 
Vottage on any pin relative to Veg Vr -1.0 to +7.0 Vv 
Supply voltage relative to Vsg Vec ~0.5 to +7.0 ov 
Short circuit output current lout 50 mA 
Power dissipation Pr 1.0 Ww 
Operating temperature Topr 0 to +70 *¢ 
Storage temperature Tstg ~55 to +125. . 





Recommended DC Operating Conditions (Ta = 0 to +70°C) 











Parameter Symbol Min Typ Max Unit Notes 
Supply voltage Vec 45 5.0 §5° Vv 1 
Input high voltage Vine 2.4 _ 6.5 V 1 
input low voltage Vir 052 — 08 Vv 1 





Notes: 1. All voitage referenced to Veg 
2 3.0 V for pulse width < 10 ns. 


N 
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HM538253 Series 
DC Characteristics (Ta = 0 to +70°C, Veco = 5 V + 10%, Veg = 0 V) 


HM538253-7 HM538253-8 HM538253-10 





Parameter Symbol Min Max Min Max Min Max Unit Test conditions 










































































Operating icc) — 110 — 100 — 90 mA RAS.CAS SCaVi, SE 2 Vy 

current cyding 
lco7 —— 165 — 150 — 140 MA tage min SE «= Vip. SC cycling, ts¢¢ = min 

Block write lec18W — "15 — 105 — 90 mA RAS, CAS SCs Vit. SE« Vin 

current cycling _—_— 
lec7aw— = 170 — «6155 — 140 mA tag =min SE = Vit. SC cycling, tg¢¢ = min 

Standby lon — 7 =— 7 — 7 ~~ mA RAS, CAS SCeV. SE = Viy 

current Ving a eae Soe 
lcs — 6&5 — 60 — S55 mA SE = Vi. SC cycling, tscg = min 

FAS-only I¢c3 = 110 — 100 — 90 mA RAS cyclingSC «Vy. SE = Viy 

retresh CAS = Vin 

current lecg — 165 — 180 — 135 mA tacemin SE «Vj. SC cycling, ts¢¢ = min 

Fastpage loca = 110 — 105 — 100 mA CAScyclingSC = Vi, SE = Vy 

mode s Vit 

current’3.  leg19 = 160 — 185 — 150 MA tpgamin SE = Vi. SC cycling, tsc¢ = min 

Fastpage Iccaaw— 130 — 125 — 120 mA CAScyclingSC = Vi. SE = Viy 

mode block RAS = Vit 

wnte current “3 leciogw— 185 — 175 — 165 mA tpcemin SE «Vi, SC cycling, tg¢q = min 

CAS-before- Iocg —~ 85 = 75 — 65 mA RAS cyclingSC = Vj. SE = Viy 

RAS retresh tac = min 

current loor1 — = =(140 — 130 — 120 mA SE «= Vi, SC cycling, tse¢ = min 

Datatranster I¢gg — 130 — 115 — 100 mA FRAS,CAS SC eV, SE = Vip, 

current —_—_——OOOOO cyding: _ —————— 
loc12 — 180 — 165 — 145 MA tacemin SEs Vit. SC cycling, tgcg = min 

Input leakage;  --10 10 -10 10 -10 10 uA OVsVins7V 

current 

Output leakage Ito -10 10 <=+-10 10 -10 10 uA OV<sVoutrs7V 

current Dout, Sout = disable 

Outputhigh Voy 2.4 —— 24 — 24 — Vi Igy 2-1 mA 

voltage 

Outputlow Vo, = 04 — 04 — 04 Vi Io, #2.1 mA 

voltage : 





Notes: 1. leg depends on output load condition when the device is selected. I¢¢ max is specified at the 
output open condition. 
2. Address can be changed once while RAS is low and CAS is high. 
3. Address can be changed once in 1 page cycle (tpc). 


HMS538253 Series 
Capacitance (Ta = 25°C, Vcc =5 Vt 10%, f = 1 MHz, Bias: Clock. I/O = Voc, address =Vcs) 











Parameter Symbol Typ Max Unit Note 
Input capacitance (Address) Cry _ 5 pF 1 
Input capacitance (Clocks) Cio _ 5 pF° 1 
Output capacitance (1/0, SVO, QSF) CvO _ 7 pF | 





Notes: 1. This parameter is sampled and not 100% tested. 


AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, Vs =0 V) *!) “16 
Test Conditions 


~ Input rise and fall ames: 5 ns 

- Input pulse levels: Vgg to 3.0 V 

— Input uming reference levels: 0.8 V, 2.4 V 

- Output timing reference levels: 0.8 V, 2.0 V 

— Output load: RAM 1TTL + CL (50 pF) 
SAM, QSF ITIL +CL (30 pF) 
(Including scope and jig) 


Common Parameter 


HMS38253-7 HMS538253-8 HM538253-10 






































Parameter Symbol Min Max Min Max Min Max Unit Notes 
Random read or write cycie time tac 130 — 1560 — 180 — ns 
RAS precharge time tap 50 — 60 — 70 = ns 
RAS pulse width tras 70 10000 80 10000 100 10000 ns 
TAS pulse width tcags 20 = 20 — 2 = ns 
Row address setup time tasr 0 _ 0 _ oO — ns 
Row address hold time tran 10 — 10 —- 10 — ns 
Column address setup time tasc 0 _- 0 _ 0 —_ ns 
Column address hold time tCAH 12 = 1S — 1S — ns 
FAS to CAS delay time tacp 20 50 20 «60 20. «(75 ns 2 
RAS hold time referencedtoCAS tasy 20 — |. 20 — 2o— ns 
TRS hoid time referenced toRAS tos, 70 — 80 — 100 — ns 
CAS to RAS precharge time tcap 10 — 10 — 10 — ns 
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HM538253 Series 





Common Parameter (cont) 


HM538253-7 HMS38253-8 HM538253-10 








Parameter Symbol Min Max Min Max Min Max Unit Notes 






































Transition time (rise to fall) tr 3. «650 3 so 03 50 ns 3 
Refresh period tper — § - 8 _ 8 ms 
DT to RAS setup time tots 09 — 0 —- oO — ons 
DT to RAS hold time tory 10 — 10 — 10 — ns 
DSF1 to RAS setup time ttsgp 08 1-— 0 —- OO. — As 
DSF1 to RAS hold time tapy 10 — 10 — 10 — ns 
DSF1 to CAS setup time tegg 0 = 0 — oO — ns 
DSF1 to CAS hold time topo 12 — 1S — 15 — os 
Data-in to TAS delay time toze 0 — 0 — 0 — ns 4 
Data-in to DE delay time tozo 9 — 0 —- oO — ns 4 
Output buffer turn-off delay referenced to CAS toes, — 15 —- 20 20 ns 5 
Output buffer turn-off delay referenced to OE togs2 — 15 - 2 20 ns 5 
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Read Cycle (RAM), Page Mode Read Cycle 


HM538253-7 HM538253-8 HM538253-10 








Parameter Symbol Min Max Min Max Min Max Unit Notes 
































Access time trom AAS trac — 70 — 8 — 100 ns 6,7 
Access time from CAS tcac — «20 — 20 — 25 ns 7,8 
Access time from OE toac — 20 — 20 — 25 ns 7 
Address access time tAA — 35 — 40 —- 6 ns 7,9 
Read command setup time tacs O09 — 0 _ 0 - ns 

Read command hold time taco OF — 0 _ 0 _ ns 10 
Read command hold time referenced toRAS tap, OF — 5 — 10 — ns 10 
FAS to column address delay time trap 15 35 1§ 40 18 55 ns 2 
Column address to RAS lead time taal 35 — 40 — 45 — ns 
Calumn address to CAS lead time ‘cal 235 = 40 — 45 — ns 

Page mode cycle time tpc 45 — 50 — 55 — ns 

TAS precharge time tcp 7 — 10 — 10 — ns 
Access time from CAS precharge tacp — 40 — 45 — 50 ns 

Page mode RAS pulse width trasp 70 100000 80 100000100 100000 ns 
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Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 


HMS538253-7 HM538253-8 HM538253-10 


















































Parameter Symbol Min Max Min Max Min Max Unit Notes 
Write command setup time twos 0 = o — oO —- vs tt 
Write command hold time twoH 12 = 1S — Ss — ns 

Write command pulse width twp 120 — 1s — iS — ns 

Write command to RAS lead time tawL 20 = 20 — 2 -— ns 

Write command to CAS lead time ttwL 20 — 20 — 20- — ns 

Data-in setup time tos o — 0 _ 0 _ ns 12 
Data-in hold time ton 12— is — is — ns 12 
WE to RAS setup time _ tws OF — oo — 0 —_ ns 

WE to RAS hold time twH 10 — 10 = 10 — ns 

Mask data to RAS setup time tus oO — oO — 0 _ ns 

Mask data to RAS hold time tuy 10 — 10 = 10 — ns 

OE hold time referenced to WE ozo («15 — 20 — 20 — ns 

Page mode cycle time tec 46 — so — ss = ns 

TKS precharge time tcp 7 = 10 — 10 — ns 

TAS to data-in delay time ttop 56 — 20 — 20 — ns 130 
Page mode RAS pulse width trasp 70 100000 80 100000 100 100000 ns 





HM538253 Series 





Read-Modify-Write Cycle 


HMS38253-7 HM538253-8 HM538253-10 











Parameter Symbol Min Max Min Max Min Max Unit Notes 





Read-modity-write cycie time tawc 180 — 200 — 2300 — ns 





FAS pulse width (read-modify-write cycle) taws 120 10000 130 10000 150 10000 ns 
























































CAS to WE delay time ttwo 40 — 45 — 50 — ns 14 
Column address to WE delay time tawo 60 — 665 — 70 — ns 14 
OE to data-in delay time tooo 36 — 20 — 20 - — ns 12 
Access time trom RAS trac — 70 — 80 —- 100 ns 6,7 
Access time from TAS tcac — 20 — 20 — 25 ns 7,8 
Access time from OE toac — 20 —- 20 — 2 ns 7 
Address access time taA — 35 — 40 _ 45 ns 7, 9 
RAS to column address delay time trap 15 35 15 40 15 55 ns 
Read command setup time taegs 9 — 0 _- 0 - ns 
Write command to RAS lead time taw. 20 — 20 — 20 — ns 
Write command to CAS lead time tow. 20 — 20 — 20 — = as 
Write command pulse width twe 10 — 15 — 15 _ ns 
Data-in setup time tos oqo — 0 _ 0 _ ns 12 
Data-in hold time tow 12 = iS — 1S = ns 12 | 
OE hold time reterenced to WE loco (15 — 20 = 2 = ns 
Refresh Cycle 

HM538253-7 HM538253-8 HM538253-10 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
TAS setup time (CAS-before-AAS retresh) tegh 10 ~— 10 — 10 — os 
CAS hold time (CAS-before-RAS retresh)tcy_ 10 — 10 — 10 — ons 
RAS precharge to TAS hold time tape 10 — 10 — 10 — ns 
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Flash Write Cycle, Block Write Cycle, and Register Read Cycle 
HM538253-7 HM538253-8 HM538253-10 














Parameter Symbol Min Max Min Max Min Max Unit Notes 
TAS to data-in delay time ttpp 156 — 20 — 20 — ons 13 
OE to data-in delay time toop 15 — 20 — 20 — ns 13 





HMS538253-7 HMS538253-8 HM538253-10 

















Parameter Symbol Min Max Min Max Min Max Unit Notes 
Split transfer setup time tsts 20 — 200 =— 25 — ns 

Split transter hold time referencedtoRAS tasr 70 — 80 — 100 — = ns 

Read Transfer Cycle 


HMS538253-7 HMS38253-8 HM538253-10 















































Parameter Symbol Min Max Min Max Min Max Unit Notes 
DT hold time referenced to RAS tapH 60 10000 65 1000080 10000 ns 

DT hold time reterenced to TAS ttcoH 20 — 20 — 25 — ns 

DT hold time referenced to column address tanpy 25 — 30 — 30 — ons 

DT precharge time torp 20 — 20 — 30 — ns 

DT to RAS delay time topo 60 — 70 — 80 — ons 

SC to RAS setup time tsag 15 — 20 — 30 — os 

1st SC to RAS hold time tgay 70 —- 80 — 100 — = as 

1st SC to TAS hold time tsco 25 — 2 — 2 — ons 

1st SC to column address hold time tsay 240 = 45 — 50 — ons 

Last SC to DT delay time ttoo 5S — 5 —- § — ns 

1st SC to DT hold time tson 10 — 139 — 15 — ns 

DT to QSF delay time treo — 30 — 3S — 35 ns 15 
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Read Transfer Cycle (cont) 



































HMS38253-7 HM538253-8 HMS538253-10 

Parameter Symbol Min Max Min Max Min Max. Unit Notes 
QSF hold time referenced to DT tooo «=CldScl 5 - 5 — ons 
Seriai data-in to 1st SC delay time tszs oo — 0 —- oO — ns 
Serial clock cycle time tscc 2-— 28 — = 830 — ns 

SC pulse width tsc a 10 — 10 “— As 

SC precharge time tscp 10 = 10 = 10>  — As 

SC access time tsca — 20 _ 202 25 ns 18 
Seriai data-out hold time tsou 5 - 5 — § — os 
Serial data-in setup time tsis oo — 0 — oO — ns 
Serial data-in hold time tsi Ss — 15 — 15 — ns 





FAS to column address delay time = trap 15 35 15 40 15 55 ns 














Column address to RAS lead time tRaL 35 — 40 — 45 — ns 
FAS to OSF delay time trop 4 — 70 ~- mm — 85 ns 15 
TAS to QSF delay time ttcap 2 Ss 38 - 3s — 35 ns 15 
QSF hold time referenced toRAS taoo «=i 20 — 20 — 25 — os 
QSF hold time referenced to TAS tcoH «CCS 5 —- 5 — ns 





HM538253 Series 
























































Masked Write Transfer Cycle 

HMS38253-7 HM538253-8 HM538253-10 
Parameter | Symbol Min Max Min Max Min Max Unit Notes 
SC setup time referenced to RAS tsas 1S — 20 — 30 — os 
FAS to SC delay time tsro 2a = 25 — 2 — ons 
Serial output buffer turn-off time tsaz 10 30 10 35 10 50 ns 
referenced to RAS 
FAS to serial data-in deiay time tsip 30 — 35 — 50. — = ons 
RAS to OSF delay time tran so Ss 70 _ > — 85 ns 15 
TAS to QSF delay time ttop — 35 - 3s — 35 ns 15 
QSF hold time referenced to RAS tag 4220 = 20 — 25 — os 
QSF hold time reterenced to CAS ttcoo «65 5 — 5 — os 
Serial clock cycle time tscce eo =— 28 — 30 - ns 
SC pulse width tsc 5 — 10 — 10 — as 
SC precharge time tscp9 «82910 10 — 10 — os 
SC access time tsca 2 —Ss 200 - 232 — 25. ns 15 
Serial data-out hold time tsoh «ClCdS8 5 — § — ns 
Serial data-in setup time tsis . — 0 —- oO — ns 
Serial data-in hold time too 185 ~- 1% =— 1% — os 
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plit Read Transfer Cycle, Masked Split Write Transfer Cycle 


HMS38253-7 HMS536253-8 HMS38253-10 








Parameter Symbol Min Max Min Max Min Max Unit Notes 















































Split transfer setup time tstg 20 — 20 — 2 — ns 

Split transter hold time referenced toRAS tgagy 70 — 80 — 100 — os 

Split transfer hold time referenced to TAS test 20 — 20 — 25 — os 

Split transfer hold time reterenced last 39S = 40 — 45 — ns 

to column address 

SC to QSF delay time tsgq0 — 30 _ 3002 = 30 ns 15 
QSF hold time referenced to SC tsoo 5S 5 —- § — os 
Serial clock cycle time tsce 25 — 28 — 30 — ons 

SC pulse width tt¢ 5S = 10 -— 10 — As 

SC precharge time tlscp 10 — 10 — 10 — ons 

SC access time tsca — 20 _ 2a = 25 ns 15 
Serial data-out hold time tsoH 5 = 5 —- § — ns 
Serial data-in setup time tig OF 1 fe) —- 0 — os 
Serial data-in hold time thy 15 — 1§ — 15 — ons 

RAS to column address delay time trap 15 35 15 40 15 55 ns 
Coiumn address to RAS lead time tral 35 = 40 — 45 — ons 
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‘Serial Read Cycle, Serial Write Cycle 


HMS38253-7 HMS38253-8 HMS38253-10 





















































Parameter Symbol Min Max Min Max Min Max Unit Notes 
Serial clock cycle time tscec eo 20 — 30 — ns 

SC pulse width tse 5 — 10 — 10 — fs 

SC precharge width tscp 10 — 10 — 10 — ns 
Access time from SC tsca — 20 - 32 — 25 ons 15 
Access time from SE tsEA — 17 — 2 — ° 2 ons 15 
Serial data-out hold time tSoH 5s - 5 — §5 — ns 

Serial output butter turn-off time tsHz — 15 —- eo 20 ons (5,17 
referenced to SE 

SE to serial output in low-Z tsiz o — 0 —- 0 — ons 5,17 
Seria! data-in setup time tsis o - 0 —- o — os 

Seria! data-in hold time ‘si 1S — 18 — 1§ — os 

Serial write enable setup time tsws o — 0 — 0 — os 

Serial wrtie enbabie hold time tswH Ss — 1s — 1§ — os 

Serial write disable setup time tswis oqo — 0 — oO — ns 

Serial write disable hold time tswik 1s — 1S — 1§ = ns 





HM538253 Series 





Notes: 


1. 


= ON 


12. 
13. 


14. 


15. 
16. 


18. 
19. 


AC measurements assume tr = S ns. 

When taco > tacp (max) and trap > trap (max), access time is specified by toAc Of taa. 
Ving (min) and Vi, (max) are reference levels for measuring timing of input signals. Transition - 
time ty is measured between V),, and V;, . 

Data input must be floating before output buffer is turned on. In read cycle, read-modity-write 
cycle and delayed write cycle, either to7z¢ (min) oF toz¢ (min) must be satisfied. 

tore (Max), togfe (Max), tgyz (max) and tg_z (min) are defined as the time at which the 
output acheives the open circuit condition (Vay — 100 MV, Vo, + 100 mV). This parameter is 
sampled and not 100% tested. 

Assume that taco < tacp (max) and taap s trap (max). If taco or trap is greater than the 
maximum recommended vaiue shown in this table, trac exceeds the value shown. 

Measured with a load circuit equivalent to 1 TTL loads and 50 pF. : 

When taco 2 taco (max) and tran s trap (Max), access time is specitied by tc ac. 

When taco s taco (max) and tran 2 trap (max), access time is specified by tAA 

If either tacy OF tary is satisfied, operation is guaranteed. 


. When twes 2 twcs (min), the cycle is an early write cycle, and VO pins remain in an open 


circuit (high impedance) condition. 

These parameters are specified by the later falling edge of CAS or WE. 

Either topo (min) of tonp (min) must be satisfied because output buffer must be turned off by 
CXS or OE prior to applying data to the device when output butter is on. 

When tawp 2 tawp (min) and tcewo 2 tewo (min) in read-modify-write cycle, the data of the 
selected address outputs to an I/O pin and input data is written into the selected address. tooo 
(min) must be satisfied because output buffer must be turned off by OE prior to applying data to 
the device. 

Measured with a load circuit equivalent to 1 TTL loads and 30 pF. 

After power-up, pause for 100 ys or more and execute at least 8 initialization cycle (normal 
memory cycle or refresh cycle), then start operation. Hitachi recommends that least 8 
initialization cycle is the CBRR for internal register reset. This CBRR need not tsts and tact. 


. When toyz and ts_z are measured in the same VCC and Ta condition and tr and tf of SE are 


less than 5 ns, tgyz <ts_z+5ns. This parameter is sampled and not 100% tested. 


After power-up, OSF output may be High-Z, so 1SC cycle is needed to be Low-Z it. 
DSF2 pin is open pin, but Hitachi recommends tt is fixed low in all operation for the addition 
mode in future. 
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Fast Page Mode Read Cycle 
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HMS538253 Series 
Write Cycle 


The write cycle state table as shown below is applied to early write, delayed write, page mode write, and 
read-modify write. 





























Write Cycle State Table 
FAS CXS FAS RAS CAS 
DSFi1 OSF1 WE vo vo 
Menu Cycle 
wi w2 W3 W4 WSs 
RWM Write mask (new/old) 0 0 0 Write mask"' Valid data 
Write 0s to VOs 
BWM Write mask (new/old) 0 1 0 Write mask"? Column mask’2 
Biock write 
RW Normal write (no mask) fe) 0 1 Don't care’' Valid data 
BW Block write (no mask) 0 1 1 Don't care? Column mask’2 
LMR’ Load mask resister 1 0 1 Don't care Mask data’ 
LCR*s Load color resister 1 1 1 Don't care Color data 
Note 1 









Dont’ care 
(mask register used) 





| High | No mask | Dont care 


VO Mask Data (In new mask mode) 
Low: Mask 
High: Non Mask 
In persistent mask mode, VO dont care 
Note 2: reference Figure 2 use of Block Write 
Note 3: /O Write Mask Data 
Low: Mask 
High: Non mask 
Note 4: Column Address: Don’ care 


32 


Early Write Cycle 









RA 


CAAA 
nS OS 


WE ee : PPPS ELD DIAR 
1/0 
(Output) 
1/0 Ne 





LE 






= Don't care 


W1 to WS: See Write Cycle State Table for the logic states. 





@ HITACHI 








Delayed Write Cycle 


tac 





mn LRAS 









+-toEH > 









= SR OE RST 
01/9 \ Mecocets Moen ve ace : PN SS 
OSFl 


Don't care 





Wl to WS: See Write Cycle State Table for the logic states. 
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Fast Page Mode Write Cycle (Early Write) 





CAASP 








re 


3: Don't care 
Wl to W5: See Write Cycle State Table for the logic states. 
Fast Page Mode Write Cycle (Delayed Write) 
tRC 
| tRASP tap 


a 


tRSH | 
TCAS =H et RP 






tesc) | tCrH 





Wi to W5: See Write Cycle State Table for the locgic states. 
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Read- Modify-Write Cycle 


—_—_—_——— ef 2 


Bi 


ees ——ommnnnomee CR ——— je-tap 
A 


Ad 


- 
” 
wr. 
2 
ul 
Tad 
tia) 
» 
a) 




















address 2 3 
poeraentt ory 
, So — 

: tac 

, | ss 

(Output) Valid Dout 

ae 2S eS 

1/0 

(Input) 

OT/0E 

OSFL 





H: Don't care 





Wl to W5: See Write Cycle State Table for the logic states. 
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e RAS-Only Refresh Cycle 


RAS tap ——_____» 





-Don't care 





WE: Don't care 
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CAS-Before-RAS Refresh Cycle (CBRN) 





tep 


» 
Da 
wy 


q—tRec 
tcp > tcse—> 


Note: SC:Don't care 





Hidden Refresh Cycle 


tRC tre : 
tras tRp——» tRAS tre 


| 


RA 


CESRP Stren 








RA UIrTaAmun 





CAS-Before- RAS Set Cycle (CBRS) 


-_-eooo 
tRAS ) aE, ena 








RA . 
4—tRPC—l|e—tesr TCHR 
— enna Y 
CAS : 
taser tran 
Address smal 


i Stop Address 


tw ietwH 











Note: AQ, Al, A8:Oon't care 
SC: Don't care 


CAS-Before-RAS Reset Cycle (CBRR) 
trp tRAS CRP ann 


tRPC tCsR 4—*tCHR le~tcre 





trst 
se Bj-3 Bj-2 Bj-1 aj Vin 


Note: 1. Bi, Bj initiate the boundary addresses. Ee] Don't care 
2. Ym, Yn are the SAM start address in before SRT/MSWT. 





AA LITAC UI 





Flash Write Cycle 





-Don't care 
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Register Read Cycle (Mask data, Color data) 





| tras tRP—— ap 


RAS 







SacH 





tco0 


fase? ae 








:Don't care 


Note: 1. State of OSF1 at falling edge of CAS 


see [oe [i | 
Accessed | Mask Data/Color Data 
Data (LMR) (LCR) 








AA WITACWUI 





Read Transfer Cycle-1 (Real Time Read Transfer) 








RA 






Ea 
Address ies 


tROH 












taOH - toro 





SAM Address MSB 





a-Don't ca 


“tS 
1D 





AA LPAI 





Read Transfer Cycle - 2 






AS 


tscp | 







tSCA 
tSOH 


RvalidSout me 








SAM Address MSB 


-Don't care 
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Masked Write Transfer Cycle 






tSRO 
+) Hat SoC 
tscp-m tse tscP > 








sc 
S1/0 
(Output) 
$1/0 
(Input) 
| 4—tca0 
*CQH 
+———— tRQO 
tRQH 
QSF SAM Address MSB 
tms tmx 





za 7. xf 
FeO Mask Data FES 


Note: 1. [/0 Mask Data (In new mask mode) 
Low :; Mask 
High : Non Mask 
1/0 : Don't care in persistent mask mode. 


rs -Don't care 
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Split Read Transfer Cycle 












test 
tast————> 
ree 
tsts Ss , 
SC Bi*2 Ym*1 =e Ym+2 Bj-2 Bj-1 fBj*2 Joy 
tSCA tsca— | 
tSou tso | 
S1/9 o oF BE VaT)S VERY Va RE VATS \ BITRE Blate a 
(Cutput)_ “2iccolt Fey Yay \_Sout Peas Sout CBX “Sou Sout ey 
51/0 High-Z | 
(Input) tsoo | = tSQO—ti 
tou ltso 
QSF er —=«SAM Address MSB ron 


Se “Don't care 
Notes: 1. Ym is the SAM start address in before SRT. 
2. Bi, Bj initiate the boundary address. 
3. A8 : Don't care, and upper SAM or lower SAM is set automatically by the 
internal circuit. , 
SAM start address can't set on the boundary address. 





AFA uIrrarut 





Masked Split Write Transfer Cycle 


i tre 


ne «| 
CRAS TAP —p 


a = 


tCSH 





tes1x———_—__——4| 
tRCO ‘CAS: 








wt Address Y: ¢ 


tcst 
tast 
tRST 


tscc 
rain 
tsTs 


pen 
OK Valid Sin 













QSF mers“ SAM Address MSB By 
tmH | 
oes ge 
Notes: 1. Ym is the SAM start address in before MSWT. 


-Don't care 





1 
2. 81, 8f initiate the boundary address. 
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SAM start address can't set on the boundary address. 





rm CIITA FYXUII 








Serial Read Cycle 













St 
h 
tsce —_—_— tC 
ts¢c——> fe—tscP ts¢—— 
sc 
$: 
(Sutput 


Sereal Write Cycle 


| tsc¢ s¢¢ ——_——> 
Mt scr —m it—t sc —p 
Sc 


tsis tsi 









(HITACHI 


HM538253 Series 





Package Dimensions 


HM538253J Series (CP-40D) Unit: mm 
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Package Dimensions (cont) 


HM538253TT Series (TTP-40DA) Unit: mm 
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262,144-Word x &-Bit Multiport CMOS Video RAM 


3 HITACHI 


The HM538254 is a 2-Mbit multiport video RAM 
equipped with a 256-kword x 8-bit dynamic RAM 
and a 512-word x 8-bit SAM (full-sized SAM). Its 
RAM and SAM operate independently and 
asynchronously. The HM538254 has basically 
upward-compatibility with the HM534253A / 
HM538123A except that pseudo-write-transfer 
cycle is replaced with masked-write-transfer cycle, 
which has been approved by JEDEC. Furthermore, 
several new features are added to the HM538254 
without conflict with the conventional features. 
Swopping column feature realizes much flexibility 
to the length of split SAM register. Persistent mask 
is also installed according to the TMS34020 
features. The HM538254 has Hyper page mode. 


Features 


*Multiport organization 

Asynchronous and simultaneous operation of 

RAM and SAM capability 

RAM: 256 kword x 8 bit 
SAM: 512 word x 8 bit 

«Access time 

RAM: 70 ns/80 ns/100 ns (max) 

SAM: 20 ns/23 ns/25 ns (max) 
“Cycle ume 

RAM: 130 ns/150 ns/180 ns (min) 

SAM: 25 ns/28 ns/30 ns (min) 
*Low power - 

Active RAM: 578 mW/495 mW/468 mW 

SAM: 358 mW/330 mW/303 mW 

Standby 38.5 mW (max) 
Hyper page mode capability 

Cycle time: 35 ns/40 ns/45 ns 

Power RAM: 825 mW/715 mW/605 mW 
*Masked-write-transfer cycle capability 
Stopping column feature capability 
*Persistent mask capability 
*Mask write mode capability 


ot 
Hitack? 
semiconductor 


_ 


Rev. 3 
Jul. 7, 1993 


«Bidirectional data transfer cycle between RAM 


and SAM capability 


«Split transfer cycle capability 
Block write mode capability 


Flash write mode capability 


¢3 variations of refresh (8 ms/512 cycles) 


~ RAS-only refresh 

~- CAS-before-RAS refresh 
— Hidden refresh 

*TTL compatible 


Ordering Information 
Type No. 


Access time Package 





HM538254J-7 70 ns 


HM538254J-8 80 ns 


HM538254J-10 
HM538254TT-7 


100 ns 
70 ns 


HM538254TT-8 80 ns 


HMS538254TT-10 100ns 


HMS538254RR-7 70 ns 


HM538254RR-8 80 ns 


HM538254RR-10 100ns 


400 mil 40-pin 
plastic SOJ 
(CP-40D) 


44-pin thin small 
outline package 
(TTP-40DA) 


44-pin thin small 
outline package 
(TTP-40DAR) 


93.09.02 
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Pin Arrangement | _ Pin Description 
HM538254J Series Pin name Function 

AO -A8 Address inputs 

39 | J SV/O7 00 - VO7 RAM pon data inputs/outputs 

38 |_J SV/O6 eR Ne 
$00 - SV/07 SAM pont data inputs/outputs 
RAS Row address strobe 
CAS Column address strobe 
WE Write enable 
DT/OE Data transfer/output enable 
sc Serial clock 
SE SAM pont enable 
DSF1, DSF2 Special function input flag 
QSF Special function output flag 
Voc Power supply 
Vss Ground 

(Top view) NL No lead 
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AO — A8 





Block Diagram 
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| HM538254 Series 
Pin Functions 
RAS (input pin): RAS is a basic RAM signal. It is active in low level and standby in high level. Row 
address and signals as shown in table 1 are input at the falling edge of RAS. The input level of these 
signals determine the operation cycle of the HM538254. 


Table 1. Operation Cycles of the HM538254 

















os ¢ 


RAS TAS Address On Input 
Mnemonic ————_—— CO o> Oo _—_ 
Code TAS DT/OE WE OSFi1 DSF2 OSF1 DSF2 RAS CAS RAS CAS/WE 
CBRS 0 - 0 1 0 - 0 Stop - - ~ 
CBRR @ ay -a  o.. <@ = 0 eg 8 
CBRN o = 1 1 0 - m se) 
MWT 1 0 0 0 0 - 0 Row TAP WM = 
MSWT 1 O° -0 1 0 - 0 — Row TAP WM - 
RT 1 0 1 0 0 - 0 Row TAP - - 
SRT 1 0 1 1 0 - 0 Row TAP - - 
RWM 1 1 0 0 0 ~ 0 0 = Row Column WH _sInput data 
Register 
Mnemonic Write Pers ——_———-_ No.of 
Code Mask W.M. WM Color Bndry Function 
CBRS - - - - Set CBR refresh with stop resister set 
CBRR - Reset Reset - Reset CBR refresh with register reset 
CBRN - - - - - CBR refresh (no reset) 
MWT Yes No Load/use — - Masked write transfer (new/old mask) 
Yes Use 
MSWT Yes No Load/use - Use Masked split write transfer (new/old mask) 
Yes Use 
T - - - - - Read transfer 
SRT - - - - Use Split read transfer 
RWM Yes No Load/use - - Read/write (new/old mask) 
Yes Use 
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Table 1. Operation Cycles of the H1538254 (cont) 
Mnemonic RAS . CAS Address /On Input 


Code CAS DT/OE WE DSF1 DSF2 DSF1 DSF2 RAS CAS RAS CAS/WE 
































BWM 1 1 0 #0 0 1 co) Row Column WM _ Column Mask 
RW (No) 1 1 1 0 0 0 0 Row Column —- Input Data 
BW (No) 1 1 1 0 0 1 0 Row Column —- Column Mask 
FWM 1 1 0 1 0 - 0 Row - WM - 
LMR and 1 ; a Se | 0 0 0 (Row) - - Mask Data 
Old Mask Set 
LCR 1 1 1 1 0 1 0 (Row) — - Color 
Option 0 0 0 0 0 - 0 Mode — Data - 
Register 

Mnemonic Write Pers __ No.of 
Code Mask W.M. WM Color Bndry Function 
BWM Yes No Load/use Block write (new/old mask) 

Yes Use Use - 
RW (No) No No - = - Read/write (no mask) 
BW (No) = No No - Use - Biock write (no mask) 
FWM Yes No Load/use Use - Masked flash write (new/oid mask) 

Yes Use 
LMR and - Set Load - - Load mask register and old mask set 
Old Mask Set 
LCR - - - Load - Load color resister set 
Option - - - - - = 


Notes: 1. With CBRS, all SAM operations use stop register. 
2. After LMR, RWM, BWM, FWM, MWT, and MSWT, use old mask which can be reset by CBRR. 
3. DSF2 is fixed low in all operation. (for the addition of operation mode in future) 
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CAS (input pin): Column address and DSF1 signals are fetched into chip at the falling edge of CAS, which 
determines the operation mode of the HM538254. 


AO — A8 (input pins): Row address (AX0 - AX8) is determined by AO - A8 level at the falling edge of 
RAS. Column address (AYO - AY8) is determined by AO — A8 level at the falling edge of CAS. In 
transfer cycles, row address is the address on the word line which transfers data with SAM data register, 
and column address is the SAM start address after transfer. 


WE (input pin): WE pin has two functions at the falling edge of RAS and after. When WE is low at the 
falling edge of RAS, the HM538254 mrns to mask write mode. According to the I/O level at the time, 
write on each I/O can be masked. (WE level at the falling edge of RAS is don’t care in read cycle.) When 
WE is high at the falling edge of RAS, a no mask write cycle is executed. After that, WE switches 
read/write cycles. In a transfer cycle, the direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from SAM to RAM (data is written into RAM), and 
when WE is high, data is transferred from RAM to SAM (data is read from RAM). 


1/00 - 1/07 (input/output pins): I/O pins function as mask data at the falling edge of RAS (in mask write 
mode). Data is written only to high I/O pins. Data on low I/O pins are masked and internal data are 
retained. After that, they function as inut/output pins as those of a standard DRAM. In block write cycle, 
they function as column mask data at the falling edges of CAS and WE. 


DT/OE (input pin): DT/OE pin functions as DT (data transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When DT is low at the falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM and SAM operate independently. 


SC (input pin): SC is a basic SAM clock. In a serial read cycle, data outputs from an SI/O pin 
synchronously with the rising edge of SC. In a serial write cycle, data on an SI/O pin at the rising edge of 
SC is fetched into the SAM data register. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O is in the high impedance state in serial read 
cycle and data on SI/O is not fetched into the SAM data register in serial write cycle. SE can be used as a 
mask for serial write because the internal pointer is incremented at the rising edge of SC. 


S1/O0 ~ SI/O7 (input/output pins): SI/Os are inpuYoutput pins in SAM. Direction of input/output is 
determined by the previous transfer cycle. When it was a read transfer cycle, SI/O outputs data. When it 
was a masked write transfer cycle, SI/O inputs data. 

DSF1 (input pin): DSF1 is a special function data input flag pin. It is set to high at the falling edge of RAS 
when new functions such as color register and mask register read/write, split transfer, and flash write, are 
used. 


DSF2 (input pin): DSF2 is also a special function data input flag pin. This pin is fixed to low level in all 
operations of the HM538254. 


‘QSF (output pin): QSF outputs data of address A8 in SAM. QSF is switched from low to high by 
accessing address 255 in SAM and from high to low by accessing address 511 in SAM. 
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HM538254 Series 
Operation of HM538254 
RAM Port Operation 


RAM Read Cycle (DT/OE high, CAS high and DSF1 low at the falling edge of RAS, DSF1 low at the 
falling edge of CAS) 


Row address is entered at the RAS falling edge and column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/OE is low while CAS is low, the selected address 
data outputs through I/O pin. At the falling edge of RAS, DT/OE and CAS become high to distinguish 
RAM read cycle from transfer cycle and CBR refresh cycle. Address access time (ta) and RAS to 
column address delay time (tp ap) specifications are added to enable hyper page mode. 


RAM Write Cycle (Eraly Write, Delayed Write, Read-Modify-Write) 
(DT/OE high, CAS high and DSF1 low at the falling edge of RAS, DSF] low at the falling edge of CAS) 


* No Mask Write Cycle (WE high at the falling edge of RAS) 

When CAS is set low and WE is set low after RAS low, a write cycle is executed. 

If WE is set low before the CAS falling edge, this cycle becomes an early write cycle and all I/O become 
in high impedance. 

If WE is set low after the CAS falling edge, this cycle becomes a delayed write cycle. I/O does not 
become high impedance in this cycle, so data should be entered with OE in high. 

If WE is set low after tcwp (min) and tawp (min) after the TAS falling edge, this cycle becomes a read- 
modify-write cycle and enables read/write at the same address in one cycle. In this cycle also, to avoid I/O 
contention, data should be input after reading data and driving OE high. 


* Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, two modes of mask write cycle are capable. 

1. In new mask mode, mask data is loaded from I/O pin and used. Whether or not an I/O is written 
depends on I/O level at the falling edge of RAS. The data is written in high level I/Os, and the data is 
masked and retained in low level I/Os. This mask data is effective during the RAS cycle. So, in page 
mode cycles the mask data is retained during the page access. 

2. If a load mask register cycle (LMR) has been performed, the mask data is not loaded from I/O pins and 
the mask data stored in mask registers persistenuy are used. This operation is known as persistent write 
mask, set by LMR cycle and reset by CBRR cycle. 


Hyper Page Mode Cycle (DT/OE high, CAS high and DSF1 low at the falling edge of RAS) 


Hyper page mode cycle reads/writes the data of the same row address at high speed by toggling CAS while 
RAS is low. Its cycle time is one forth of the random read/write cycle. In this cycle, read, write, and block 
write cycles can be mixed. Note that address access time (ta), RAS to column address delay time 
(trap), and access time from CAS precharge (tacp) are added. Column address is latched by CAS low 
edge triger, access time from CAS is determined by t cac (taa from column address, tacp from CAS 
high edge). Dout data is held during CAS high and is sustained until next Dout. Data output 
enable/disable is controlled by DT/OE and when both RAS and CAS become high, Data output become 
High-Z. In one RAS cycle, 512-word memory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tp asp max (100 pis). 


HM538254 Series 
Color Register Set/Read Cycle (CAS high, DT/OE high, WE high and DSF1 high at the falling edge of RAS) 


In color register set cycle, color data is set to the internal color register used in flash write cycle or block 
write cycle. 8 bits of internal color register are provided at each I/O. This register is composed of static 
circuits, so once it is set, it retains the data until reset. Since color register set cycle is just as same as the 
usual read and write cycle, so read, early write and delayed write cycle can be executed. In this cycle, the 
HM538253 refreshes the row address fetched at the falling edge of RAS. 


Mask Register Set/Read Cycle (CAS high, DT/OE high, WE high, and DSF1 high at the falling edge of RAS) 


In mask register set cycle, mask data is set to the internal mask register used in mask write cycle, block 
write cycle, flash write cycle, masked write transfer, and masked split write transfer. 8 bits of internal 
mask register are provided at each I/O. This mask register is composed of static circuits, so once it is set, it 
retains the data until next mask register set or reset (CBRR). Since mask register set cycle is just as same 
as the usual read and write cycle, so read, early write and delayed write cycle can be executed. 


Flash Write Cycle (CAS high, DT/OE high, WE low, and DSF1 high at the falling edge of RAS) 


In a flash write cycle, a row of data (512 word x 8 bit) is cleared to 0 or 1 at each I/O according to the data 
of color register mentioned before. It is also necessary to mask I/O in this cycle. When CAS and DT/OE 
is set high, WE is low, and DSF1 is high at the falling edge of RAS, this cycle starts. Then, the row 
address to clear is given to row address. Mask data is as same as that of a RAM write cycle. Cycle time 
is the same as those of RAM read/write cycles, so all bits can be cleared in 1/512 of the usual cycle time. 
(See figure 1.) 
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Flash Write Cycle Flash Write Cycle 


Color Register Set Cycle 


each VO on row address 


Execute flash write into 
Xj using color register. 





VO on row address Xi using 


Execute flash write into each 
color register. 


Set color register 








*1 VO Mask Data (In new mask mode) 


Low: Mask 


High: Non Mask 


In persistent mask mode, I/O don't care 


Figure 1 Use of Flash Write 
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Block Write Cycle (CAS high, DT/OE high and DSF1 low at the falling edge of RAS, DSF1 high and WE 
low at the falling edge of TAS) 


In a block write cycle, 4 columns of data (4 column x 8 bit) are cleared to 0 or 1 at each I/O according to 
the data of color register. Column addresses AQ and Al are disregarded. The mask data on I/Os and the 
mask data on column addresses can be determined independently. I/O level at the falling edge of CAS 
determines the address to be cleared. (See Figure 2.) The block write cycle is as the same as the usual 
write cycle, so early and delayed write, read-modify-write, and page mode write cycle can be executed. 


* No mask Mode Block Write Cycle (WE high at the falling edge of RAS) 
The data on 8 I/Os are all cleared when WE is high at the falling edge of RAS. 


* Mask Block Write Cycle (WE low at the falling edge of RAS) 

When WE is low at the falling edge of RAS, the HM538254 starts mask block write cycle to clear the data 
on an optional I/O. The mask data is the same as that of a RAM write cycle. High I/O is cleared, low /O 
is not cleared and the internal data is retained. In new mask mode, the mask data is available in the RAS 
cycle. In persistent mask mode, I/O don't care about mask mode. 


Color Register Set Cycle Block Write Cycle Block Write Cycle _ 













Persistent | Don't care 

Mask (mask register used) 
Mode : 
[High {| Nomask | Dontcare 


VO Mask Data (in new mask mode) 
Low: Mask 
High: Non Mask 

In persistent mask mode, \/O don't care 


Column Mask Data 


VOO | Column0 (AO = 0, A1 = 0) Mask Data 


| YO1 | Columnt (AO = 1, Al = 0) Mask Data 


VO2 | Column2 (AO = 0, Ai = 1) Mask Data 
| VO3_ | Column3 (AO = 1, Al = 1) Mask Data 


Figure 2 Use of Block Write 










Low: Mask 


t 






High: Non Mask 
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HM538254 Series 
Transfer Operation 


The HM538254 provides the read transfer cycle, split read transfer cycle, masked write transfer cycle and 
masked split write transfer cycle as data transfer cycles. Theses transfer cycles are set by driving CAS 
high and DT/OE low at the falling edge of RAS. They have following functions: 

(1) Transfer data between row address and SAM data register 

Read transfer cycle and split read transfer cycle: RAM to SAM 

Masked write transfer cycle and masked split write transfer cycle: SAM to RAM 

(2) Determine SI/O state (except for split read transfer cycle and masked split write a cycle) 

Read transfer cycle: SI/O output 

Masked write transfer cycle: SI/O input 

(3) Determine first SAM address to access after transferring at column address (SAM start address). 

SAM start address must be determined by read transfer cycle or masked write transfer cycle (split transfer 
cycle isn’t available)before SAM access, after power on, and determined for each transfer cycle. 

(4) Use the stopping columns (boundaries) in the serail shift register. If the stopping columns have been 
set, split transfer cycles use the stopping columns, but any boundaries cannot be set as the start address. 

(5) Load/use mask data in masked write transfer cycle and masked split write transfer cycle. 


Read Transfer Cycle (CAS high, DT/OE low, WE high and DSF! low at the falling edge of RAS) 


This cycle becomes read transfer cycle by driving DT/OE low, WE high and DSF1 low at the falling edge 
of RAS. The row address data (512 x 8 bits) determined by this cycle is transferred to SAM data register 
synchronously at the rising edge of DT/OE. After the rising edge of DT/OE, the new address data outputs 
from SAM start address determined by column address. In read transfer cycle, DI/OE must be risen to 
transfer data from RAM to SAM. 

This cycle can access SAM even during transfer (real time read transfer). In this case, the timing tspp 
(min) specified between the last SAM access before transfer and DT/OE rising edge and tspy (min) 
specified between the first SAM access and DT/OE rising edge must be satisfied. (See figure 3.) 

When read transfer cycle is executed, SI/O becomes output state by first SAM access. Input must be set 
high impedance before tszs5 (min) of the first SAM access to avoid data contention. 






RAS 








CAS 





Address 


DT/OE \t j 
USFS tsoo| 'SoH 


SvO ee ee Gee Ses Ge = 
SAM Data before Transfer | SAM Data after Transfer 











Figure 3 Real Time Read Transfer 
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HM538254 Series 
Masked Write Transfer cycle (CAS high, DT/OE low, WE low, and DSF1 low at the falling edge of RAS) 


Masked write transfer cycle can transfer only selected I/O data in a row of data input by serial write cycle 
to RAM. Whether SAM data is transferred or not depends on the corresponding 1/O level (mask data) at 
the falling edge of RAS. This mask transfer operation is the same as a mask write operation in RAM 
cycles, so the persistent mode can be supported. The row address of data wansferred into RAM is 
determined by the address at the falling edge of RAS. The column address is specified as the first address 
for serial write after terminating this cycle. Also in this cycle, SAM access becomes enabled after tspp 
(min) after RAS becomes high. SAM access is inhibited during RAS low. In this period, SC must bot be 
risen. Data transferred to SAM by read transfer cycle or split read transfer cycle can be wnitten to other 
addreses of RAM by write transfer cycle. However, the adddress to write data must be the same as that of 
the read transfer cycle or the split read transfer cycle (row address AX8) 


Split Read Transfer Cycle (CAS high, DT/OE low, WE high and DSF1 high at the falling edge of RAS) 


To execute a continuous serial read by real time read transfer, the HM538254 must satisfy SC and DI/OE 
timings and requires an external circuit to detect SAM last address. Split read transfer cycle makes it 
possible to execute a continuous serial read without the above timing limitauon. 

The HM538254 supports two types of split register operation. One is the normal split register operation to 
split the data register into two halves. The other is the 5 enna split neath operation using stopping 
columns described later. 

Figure 4 shows the block diagram for the normal split register operation. SAM data register (DR) consists 
of 2 split buffers, whose organizations are 256-word x 8-bit each. Let us suppose that data is read from 
upper data reagister DR1 (The row address AX8 is 0 and SAM address A8 is 1.). When split read transfer 
is executed setting row address AX8 to 0 and SAM start addresses AO to A7, 256-word x 8-bit data are 
transferred from RAM to the lower data register DRO (SAM address A8 is 0) automatically. After data are 
read from data register DR1, data start to be read from SAM start addresses of data register DRO. If the 
next split read transfer isn’t executed while data are read from data register DRO, data start to be read from 
SAM start address 0 of DR! after data are read from data register DRO. If split read rransfer is executed 
setting row address AX8 to 1 and SAM start addresses AO to A7 while data are read from data register 
DRI, 256-word x 8-bit data are transferred to data register DR2. After data are read from data register 
DRI}, data start to be read from SAM start addresses of data register DR2. If the next split read transfer 
isn’t executed while data is read from data register DR2, data start to be read from SAM start address 0 of 
data register DR1 after data are read from data register DR2. In split read data transfer, the SAM start 
address A8 is automatically set in the data register, which isn’t used. 

The data on SAM address A8, which will be accessed next, outputs to QSF, QSF is switched from low to 
high by accessing SAM last address 255 and from high to low by accessing address 511. 

Split read wansfer cycle is set when CAS is high, DT/OE is low, WE is high and DSF1 is high at the falling 
edge of RAS. The cycle can be executed asyncronously with SC. However, HM538254 must be satisfied 
tSTS (min) timing specified between SC rising (Boundary address) and RAS falling. In split transfer cycle, 
the HM538254 must satisfy tps (min), test (min) and tast (min) timings specified between RAS or 
CAS falling and column address. (See figure 5.) 

In split read transfer, SI/O isn’t switched to output state. Therefore, read wansfer must be executed to 
switch SI/O to output state when the previous transfer cycle is masked write transfer cycle or masked split 
write uransfer cycle, or power on. SAM Start address must be set in every split read wansfer cycle. 
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Figure 4 Block Diagram for Split Transfer 





| 
l 
tsts(min) | tast (min) | 


I | 
























CAS : | : | 
tesr(min)_ . | 
Address. | 
tast(min) | ! 
1 { 
DT/OE 
DSF1 
SC Bi Ym LB Bj Yj 
Note: Ym is the SAM start address in before SRT. Bi and Bj initiate the boundary address. 


Figure 5 Limitation in Split Transfer 
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Masked Split Write Transfer Cycle (CAS high, DT/OE low, WE low and DSF1 high at the falling edge of RAS) 


A continuous serial write cannot be executed because accessing SAM is inhibited during RAS low in write 
transfer. Masked split write transfer cycle makes it possible. In this cycle, tsts (min), trsT (min), test 
(min) and tast (min) timings must be satisfied like split read transfer cycle. And it is impossible to switch 
SI/O to input state in this cycle. If SI/O is in output state, masked write transfer cycle should be executed 
to switch SI/O into input state. Data transferred to SAM by read transfer cycle or split read transfer cycle 
can be written to other addresses of RAM by masked split write transfer cycle. However masked write 
transfer cycle must be executed before masked split write transfer cycle. And in this masked split write 
transfer cycle, the MSB of row address (AX8) to write data must be the same as that of the read transfer 
cycle or the split read transfer cycle. In this cycle, the boundary split register operation using stopping 
columns is capable like split read ransfer cycle. 


Stopping Column in Split Transfer Cycle 


The HM538254 has the boundary split register operation using stopping columns. If a CBRS cycle has 
been performed, split transfer cycle performs the boundary operation. Figure 6 shows an example of 
boundary split register. (Boundary code is B7.) 

First of all a read transfer cycle is executed, and SAM start addresses AO to A8 are set. The RAM data are 
transferred to the SAM, and SAM serial read starts from the start address (Y1) on the lower SAM. After 
that, a split read wansfer cycle is executed, and the next start address (Y2) is set. The RAM data are 
transferred to the upper SAM. When the serial read arrive at the first boundary after the split read transfer 
cycle, the next read jumps to the start address (Y2) on the upper SAM (jump 1) and continues. Then the 
second split read transfer cycle is executed, and another start address (Y3) is set. The RAM data are 
transferred to the lower SAM. When the serial read arrive at the other boundary again, the next read jumps 
to the start address (Y3) on the lower SAM. In stopping column, split transfer is needed for jump operation 
between lower SAM and upper SAM. 


Column, 
‘>. Boundaries (B7) 


Start Jump 1 


Lower SAM ‘ U 
256 bit } 256 bit 


Figure 6 Example of Boundary Split Register 





HMS538254 Series 
~ Stopping Column Set Cycle (CBRS) 


This cycle becomes stopping column set cycle by driving CAS low, WE low, DSF1 high at the falling edge 
of RAS. Stopping column data (boundaries) are latched from address inputs on the falling edge of RAS. 
To determine the boundary, A2 to A7 can be used and don’t care AO, Al, and A8. In the HM538254, 7 
types of boundary (B2 to B8) can be set including the default case. (See stopping column boundary table.) 
If A2 to A6 are set to high and A7 is set to low, the boundaries (B7) are selected. Figure 6 shows the 
example. The stop address that is set by the CBRS is used from next split transfer cycle. Once a CBRS is 
executed, the stopping column operation mode continues until CBRR. 


Stopping Column Boundary Table 


Stop Address 


Boundary code Columnsize A2 A3 A4 A5 A6- A7 


B2 | 4 0 ° ° ° . . 
B3 8 1 0 * . . . 
B4 16 1 1 0 : : r 
B5 32 1 1 1 0 ° " 
B6 64 1 1 1 1 0 
87 128 1 1 1 - 1 0 
B8 256 1 1 1 1 1 1 


- Notes: 1.A0, A1, and A8: don't care 
2.*: don't care 


Register Reset Cycle (CBRR) 


This cycle becomes register reset cycle (CBRR) by driving CAS low, WE high, and DSF1 low at the 
falling edge of RAS. A CBRR can reset the persistent mask operation and stopping column operation, so 
the HM538254 become the new mask operation and boundary code B8. When a CBRR is executed for 
stopping column operation reset and split transfer operation, it needs to satisfy tsts (min) and tasT (min) 
between RAS falling and SC rising for correct SAM read/write operation. 


No Reset CBR Cycle (CBRN) 


This cycle becomes no reset CBR cycle (CBRN) by driving CAS low, WE high and DSF1 high at the 
falling edge of RAS. The CBRN can only execute the refresh operation. 
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HM538254 Series 
SAM Port Operation 


Serial Read Cycle 


SAM port is in read mode when the previous data transfer cycle is a read uansfer cycle. Access is 
synchronized with SC rising, and SAM data is output from S/O. When SE is set high, SI/O becomes high 
impedance, and the internal pointer is incrementcd by the SC rising. After indicating the last address 
(address 511), the internal pointer indicates address 0 at the next access. 


Serial Write Cycle 


If previous data wansfer cycic is masked write transfer cycle, SAM port gocs into write mode. In this 
cycle, SI/O data is fetched into data register at the SC rising edge like in the serial read cycle. If SE is 
high, SI/O data isn’t fetched into data register. The internal pointer is incremented by the SC rising, so SE 
high can be used as mask data for SAM. After indicating the last address (address 511), the internal 
pointer indicates address Q at the next access. 


Refresh 
RAM Refresh 


RAM, which is composed of dynamic circuits, requires refresh cycle to retain data. Refresh is executed by 
accessing all 512 row addresses within 8 ms. There arc three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBRN, CBRS, and CBRR) refresh cycle, and (3) Hidden refresh cycle. Besides 
them, the cycles which activate RAS, such as read/write cycles or transfer cycles, can also refresh the row 
address. Therefore, no refresh cycle is required when all row addresses are accessed within 8 ms. 


(1) RAS-Only Refresh Cycle: RAS-only refresh cycle is executed by activating only the RAS cycle with 
CAS fixed to high after inputting the row address (= refresh address) from external circuits. To distinguish 
this cycle from a data transfer cycle, DT/OE must be high at the falling edge of RAS. 


(2) CBR Refresh Cycle: CBR refresh cycle (CBRN, CBRS and CBRR) are set by activating CAS before 
RAS. In this cycle, the refresh address necd not to be input through external circuits because it is input 
through an internal refresh countcr. In this cycle, output is in high impedance and power dissipation is 
lowered because CAS circuits don’t operatic. 


(3) Hidden Refresh Cycle: Hidden refresh cycle executes CBR refresh with the data output by reactivating 
RAS when DT/OE and CAS keep low in normal RAM read cycles. In the mask register read cycle and the 
color register read cycle, Dout data guaranteed while RAS and CAS are low, and so after the mask register 
read cycle or the color register read cycle is performed, in hidden refresh cycle Dout data is not guaranteed. 


SAM Refresh 


SAM parts (data register, shilt resister and sclector), organized as fully static circuitry, require no refresh. 





HM 538254 Series 





Absolute Maximum Ratings 

















Parameter Symbol Value Unit 
Voltage on any pin relative to Vgc Vr -1.0 to +7.0 V 
Supply voltage relative to Vss Voc -0.5 to +7.0 V 
Short circuit output current lout 50 mA 
Power dissipation Pr 1.0 . Ww 
Operating temperature Topr 0 to +70 °C 
Storage temperature Tstg ~55 10 +125 °C 





Recommended DC Operating Conditions (Ta = 0 to +70°C) 





Parameter Symbol! Min Typ Max Unit Notes 
Supply voltage Vec 45 5.0 5.5 Vv 1 
Input high voltage Vin 2.4 — 6.5 Vv 1 
Input low voltage Vit 05% — 0.8 Vv 1 





Notes: 1. All voltage referenced to Vsg 
2 -3.0 V for pulse width < 10 ns. 


s+ 
N 








HM538254 Series 


DC Characteristics (Ta = 0 to +70°C, Vec = 5 V+ 10%, Vsg = 0 V) 


HM538254-7 HM538254-8 HM538254-10 


Symbol Min Max Min Max Min Max UnitTest conditions 

















Parameter 

Operating loc) — 10 — 100 — 90 mA RAS.CAS SC=VW,. SE = Vy 

current cycling _—_—___ 
loc7? 3 — 165 — 150 — 140 MA teacemin SE = Vi. SC cycling, tgo¢ = min 

Block write Iogyaw — 115 — 105 — 90 mA RAS,CAS SCeW, SEs Viy 

current*3 cycling —_—_—— 
loc7aw — 170 — 155 — 140 mA tac=emin SE = Vi, SC cycling, tgo¢ = min 

Standby lec2 — 7 —- 7 — 7 mA RAS, CAS SC = Vy, SE = Vin 

current 2Vin nee 
locg — 8 — 60 — 55 mA SE = Vi, SC cycling, tg¢¢ = min 

RAS-only = lecg3 = =—110 — =—100 — 90 mA RAS cyciingSC = Vy, SE = Vy 

refresh VV“ 

current locg —. 165 — 150 — 135 MA tac=min SE = Vy. SC cycling, tsc¢ = min 

Hyperpage I¢cg — 130 — 120 — 110 mA CAS cyclingSC «Vy. SE = Vip 

mode current RAS = Vy, ——_—_—_——_- 
lec1o — 185 — 170 — 160 MA tpo=min SE = Vi. SC cycling, tg¢c = min 

Hyperpage lIccagw— 155 — 140 — 130 mA CAS cyclingSC = Vi, SE = Vix 

mode block “Vi 

write current’3 Icciopw— 210 — 199 — 175 mA tpc=min SE = Vi. SC cycling, tgo¢ = min 

CAS-beforee Ioc5 — 85 — 75 — 65 mA RAS cyclingSC = Vy. SE = Vix 

RAS refresh tapes nin ————————— 

current loc11 = «=—140 — 130 — 120 mA SE = Viz. SC cycling, tg¢c = min 

Data transfer lece — 130 — WS — 100 mA RAS,CAS SC= Vite SE « Vik 

current cycling —_—— 
loc12 — 180 — 165 — 145 mA tac=min SEs Vit. SC cycling, ts¢c = min 

Input leakage |; -10 10 -10 10 +10 10 uA OVsVinse7V 

current 

Output leakage hg  -1010 -10 10 -10 10 uA OVsVins7V 

current Dout, Sout = disable 

Outputhigh Voy 24 — 24 — 24 — V_ Ion =-1mA 

voltage 

Output low Vo, — 04 — 04 — 04 Vi Io, =2.1mA 

voltage 

Notes: 1. loc depends on output load condition when the device is selected. Icc max is specified at the 


output open condition. 
2. Address can be changed once while RAS is low and CAS is high. 
3. Address can be changed once in 1 page cycle (tpc). 





HM538254 Series 
Capacitance (Ta = 25°C, Vcc = 5 V + 10%, f= 1 MHz, Bias: Clock, I/O = Vcc, address =Vgc) 











Parameter Symbol Typ Max Unit. Note 
Input capacitance (Address) Ciy _ 5 pF 1 
input capacitance (Clocks) Cio _ 5 pF 1 
Output capacitance (I/O, S/O, QSF) Cyto _ 7 pF 1 





Notes: 1. This parameter is sampled and not 100% tested. 


AC Characteristics (Ta = 0 to +70°C, Voc = 5 V + 10%, Vss = 0 V) “1 "16 
Test Conditions 


— Input rise and fall times: 5 ns 

— Input pulse levels: Vcg to 3.0 V 

— Input timing reference levels: 0.8 V, 2.4 V 

— Output timing reference levels: 0.8 V, 2.0 V 

~ Output load: RAM 1TTL + CL (50 pF) 
SAM, QSF 1TTL + CL (30 pF) 
(Including scope and jig) 


Common Parameter 


HMS38254-7 HM538254-8 HM538254-10 


Parameter Symbo! Min Max Min Max Min Max Unit Notes 
Random read or write cycle time tac 130 — 150 — 180 — ns 
RAS precharge time tap 50 — 60 — 70 — ns 

RAS puise width tras 70 10000 80 10000 100 1 0000 ns 

CAS pulse width ttas 20 — 20 — 2a — ns 

Row address setup time tasR oo. — oO — a ns 

Row address hold time tRaH 10 — 10 — 10 — ns 
Column address setup time tasc oO — oO — oo — ns 
Column address hold time tCAH 1206— 1S — 1S — ns 
RAS to CAS delay time tacp 20 50 20 60 20 (75 ns 2 
RAS hoid time referenced to TAS tpg, 20 — 20 — 2 — ns 

CAS hold time referencedtoRAS tog, 70 — 80 — 100 — ns 
TAS to RAS precharge time tcrp 10 — 10 — 10 — ns 


HM538254 Series 


Common Parameter (cont) 


HMS38254-7 HM538254-8 HM538254-10 

















Parameter Symbol Min Max Min Max Min Max Unit Notes 
Transition time (rise to fail) ty 3 50 3 50 3 50 ns 3 
OSF1 to CAS setup time tego OF — oo — 0 — ns 
Refresh period tree = 8 — 8 — 8 - ms 

DT to RAS setup time tors OF — oO — 0 — os 

DT to RAS hoid time tory 10 — 10 — 10 — ns 
DSF1 to RAS setup time ttsp OF — oo — 0 _ ns 
DSF1 to RAS hold time tapy 10 — 10 — 10 — os 
DSF1 to CAS holdtime _ tory 12 — 15 — Ss — ns 
Data-in to CAS delay time tpz77 oO — oo — 0 — ns 4 
Data-in to OE delay time tp7o OF — o — 0 —- on 4 
Output buffer turn-off delay referenced to DE torso — 15 — 20 — 20 ns 5 
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Read Cycle (RAM), Hyper Page Mode Read Cycle 


Parameter Symbol! 
Access time from RAS tRac 
Access time from CAS tcac 
Access time from OE toac 
Address access time taa 
Read command setup time tacs 
Read command hold time tach 


Read command hold time referenced to RAS tary, 


RAS to column address delay time trap 


Column address to RAS lead time tra 
Column address to CAS lead time toa 
Hyper page mode cycle time tpc 
Hyper page CAS precharge time top 


Hyper page access time from CAS precharge tacp 
Hyper page mode RAS pulse width trasp 
Hyper page data out hold time tooH 
Data-out buffer turn-off time (RAS) tRHz 


Data-out buffer turn-off time (CAS) tcHz 


HM538254 Series 


HMS38254-7 HM538254-8 HM538254-10 


Min 


Min Max — 


Max Min 
70 — 80 —_ 
20 — 20 —_ 
20 — 20 — 
35 — 40 _— 
_ 0 _ 0 
_ 0 _ 0 
—_ 5 — 10 
35 15 40 15 
—_ 0 ae 45 
_ 30 — 35 
_ 40 — 45 
_ 10 — 10 
40 = 45 _ 
100000 80 100000 100 
_ 5 — 5 
S$ — 20 — 
15 — 20 _ 


Max Unit Notes 


100 ns 
25 ns 
25 ns 
45 ns 
— ns: 
_ ns 
_ ns 
55 ns 
_ ns 
_— ns 
— ns 
_ ns 
50 ns 
100000 
—_ ns 
20 ns 
20 ns 
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Write Cycle (RAM), Hyper Page Mode Write Cycie, Color Register Set Cycle 


HM538254-7 HM538254-8 HM538254-10 























Parameter Symbol Min Max Min Max Min Max Unit Notes 
Write command setup time twes 9 = oo. — oO — ns 1 
Write command hold time twoH 12 — 15s — 1S — ns 

Write command pulse width twp 120 — 1s — 1s — ns 

Write command to RAS lead time taw, 20 — 20 — 20 — ns 

Write command to TAS lead time tow, 20 — 20 — 20 — ns 
Data-in setup time tos oOo — oO — o — ns 12 
Data-in hold time tou 12 =— 16 — 15 = ns 12 
WE to RAS setup time tws OO — oo — oO — ns 

WE to RAS hold time twH 10 — © 10 — 10 — ns 

Mask data to RAS setup time tuys oO — oo — oo — ns 

Mask data to RAS hold time tuH 10 — 0 — 10 — ns 

DHE hoidtime referencedtoWE tops, 15 — © 20 — 20 — ns 

Hyper page mode cycle time tpc 35 — 40 — 45 — ns 
‘Hyper page CAS precharge time tcp 5 — 10 — 10 — ns 

TAS to data-in delay time ttcpp 56 — 20 — 20 — ns 13 


Hyper page mode RAS pulse width taasp 70 100000 80 100000 100 100000ns 








HM3538254 Series 
Read-Modify-Write Cycle 
HM538254-7 HM538254-8 HM538254-10 
Parameter Symbol Min) Max Min Max Min Max Unit Notes 
Read-modity-write cycle time tawc 180 — 200 — 230 — ns 


FAS pulse width (read-modify-write cycle) taws 120 10000 130 10000 150 10000 ns 


TAS to WE delay time ttwo 40 — 45 — 50 —. ns 14 
Column address to WE delay time tawp 60 — 6 — 70 — ns 14 
DE to data-in delay time topp 15 — 20 — 2 — ns 12 
Access time from RAS trac — 70 — 80 — 100 ns 6,7 
Access time from CAS tcac — 20 —- 20 — 25 ns 7,8 
Access time from OE toac — 20 —- 2 — 2 ns 7 
Address access time taa _ 35 _ 40 — 45 ns 7,9 


RAS to column address delay time trap 15 35 15 40 15 55 ns 





























Read command setup time tacs 0 _ 0 — oo — ns 
Write command to RAS lead time tawr 200 CO 20 — 2 — ns 
Write command to CAS lead time tow. 20 — 20 — 20 — ns 
Write command pulse width twp 2 06=— 15 — 15 = ns 
Data-in setup time tos oo — 0 — oO — ns 12 
Data-in hold time | tow 1220 = 15 _— 1s — ns 12 
DE hold time referenced to WE topo 15 — 20 — 2 — ns 
Refresh Cycle 

HMS38254-7 HM538254-8 HM538254-10 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
CAS setup time (CAS-before-RAS refresh) ttcgg 210 0 — 10 — 10 — ns 
CAS hold time (CAS-before-RAS refresh) tcyp 10 — 10 0 = 10 — ns 
RAS precharge to CAS hoid time tapg «=6100CO 10 = 10 — ns 





23 





HM538254 Series 





Flash Write Cycle, Block Write Cycle, and Register Read Cycle 
HM538254-7 HM538254-8 HM538254-10 


Parameter Symbol Min) Max Min Max Min Max Unit Notes 














TAS to data-in delay time ttpp 6 — 20 — 20 — ns 13 
DE to data-in delay time topp 15 _ 20 — 2 — os 13 
RAS to data-in delay time tapp 20 — 22 — 20 — ons 13 
CBR Refresh with Register Reset 


HM538254-7 HM538254-8 HM538254-10 


Parameter Symbol! Min Max Min Max Min Max Unit Notes 





Split transfer setup time tsTs 20 — 20 _ 2a — ns 
Split transfer hold time referenced to RAS tast 70 = 80 _ 100 — ns 
Read Transfer Cycle 


HM538254-7 HMS538254-8 HM538254-10 





Parameter Symbol Min) Max Min Max Min Max Unit Notes 





DT hold time referenced to RAS tapy 60 10000 65 10000 80 10000 ns 
DT hold time referenced to TAS tcpH 20 — 200 = — 5 ns 
DT hold time referenced to column address tan 25 — 30 — 30 — = ns 
DT precharge time tore 20 — 20 — 30 — ns 
DT to RAS delay time toprnp 60. — 70 — 80 — os 
SC to RAS setup time tsps 15 — 20 — 30 — = as 
1st SC to RAS hold time tgah 70 — so — 100 — ns 
1st SC to CAS hold time ttth 2 — 32 —- 2 — ns 
1st SC to column address holdtime — tgay; 40 — 455 — 50 — ns 
Last SC to DT deiay time tspp 3=sé5 _ 5 - 5 — ns 
ist SC to DT hold time tspy 10 — 1330 — 15 — ns 
DT to QSF delay time tpan — 30 —- 3 — 35 ons 15 





HM538254 Series 


Read Transfer Cycle (cont) 


HMS38254-7 HM538254-8 HM538254-10 











Parameter Symbol Min Max ' Min Max Min Max Unit Notes 
QSF hold time referenced to DT tpoH 5 _ 5 —- 5 — os 

Serial data-in to 1st SC delay time tszs 0 — 0 _ oo. — ns 
Serial clock cycle time tscc oe — 2 = 30 — ns 

SC pulse width tse 5 _ 10 = 10 — ns 

SC precharge time tscp io — 10 _ 10 — ns 

SC access time isca So i i i Sst 18 
Serial data-out hold time tson 5 _ 5 _— 5 — ns 
Serial data-in setup time tsis 0 _ 0 _ oO — ns 
Serial data-in hold time tsi S$ — 15 _ § — ns 

RAS to column address delay time trap 15 635 15 40 15 55 ns 
Column address to RAS lead time tRAL 35 = 40 — 45 — ns 

RAS to QSF deiay time trop — 70 —- 735 — 8 ons 15 
TAS to QSF delay time ttep — 35 —- 3 — 35 ons 15 
QSF hold time referenced toRAS trae si 20 — 20 — 2a — ns 

QSF hold time referenced to CAS tcon «= 55. — 5 —- 5 — ns 
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HM 538254 Series 



































Masked Write Transfer Cycle 

| HM538254-7 HM538254-8 HM538254-10 
Parameter Symbo! Min Max Min Max Min. Max Unit Notes 
SC setup time referenced to RAS tgpng 15 — 20 — 30 — = ns 
RAS to SC delay time ttap 20 — eo —- oe — ns 
Serial output buffer turn-off time tsaz 10 30 10 «(35 10 50 ns 
referenced to RAS 
RAS to serial data-in delay time tsip 300 — 35 —- 50 — = os 
RAS to QSF delay time trap — 70 —- 75 — 8 ns 15 
TAS to OSF delay time ttep — 35 —- 3 — 35 ons 15 
QSF hold time referenced to RAS tagH 20 — 20 — 2 — ns 
QSF hold time referenced to CAS ttcon 4=—s5 _ 5 _ 5 — ns 
Serial clock cycle time tttcc 2 — 206 30 — ns 
SC pulse width tsc 5 _ 10 = 10 — ns 
SC precharge time tscp 10 — 110 — 10 — ns 
SC access time tsca — 20 —- 23 — 2 ons 15 
Serial data-out hold time tson = S55. —- § _ 5 =— ns 
Serial data-in setup time tsis 0 _ 0 = oO — ns 
Serial data-in hold time tsin Ss — Ss = SB = ns 
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Split Read Transfer Cycle, Masked Split Write Transfer Cycle 


HM538254 Series 


HM538254-7 HM538254-8 HM538254-10 




















Parameter Symbol Min) Max Min Max Min Max Unit Notes 
| Split transfer setup time tstg 20 — 20 — 2 — ns 

Split transfer hold time referenced to RAS tast 70 —- 8s — 100 — ns 

Split transfer hold time referenced toCAS tesg 20 — 20 ~— 25 — ns 

Split transfer hold time referencedto tasr 35 — 40 — 45 — ns 
column address 

SC to QSF delay time tsan. 30 — 30 — 30 ns 15 
QSF hold time referenced to SC tson =o — 5 _— 5 _ ns 
Serial clock cycle time tscc = 25 —- 2 — 30 — ns 

SC pulse width tsc 5 —- 0 — 10 = ns 

SC precharge time tscp 10 _ 10 = 10 — ns 

SC access time tsca 200 —- 23 — 2 ns 15 
Serial data-out hold time tson =. — § _ 5 _ ns 
Serial data-in setup time tsis 0 —- oO —- oO - ns 
Serial data-in hold time tsiq 15 _ 15 — S$ — ns 

RAS to column address delay time tran 15 35 15 40 15 55 ns 
Column address to RAS lead time tra, 323395 — 40 — 45 — ns 
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Serial Read Cycle, Serial Write Cycle 


HM538254-7 HM538254-8 HM538254-10 























Parameter Symbol Min Max Min Max Min Max Unit Notes 
Serial clock cycle time tsco 30 2's —- 2 — 300 — ns 

SC pulse width tsc 5 _ 10 — 10 — ns 

SC precharge width tscp 10 — 10 — 10 =. ns 
Access time from SC tsca 20 — 23 — 2 ns 15 
Access time from SE tsea 177 — 20 — 25 ns 15 
Serial data-out hoid time tson = 8. = 5 _ 5 _ ns 

Serial output buffer turn-off time tsyz 15 — 20 _ 20 ns 5,17 
referenced to SE 

SE to serial output in low-Z tsLz OO — oO — oO _ ns 5,17 
Serial data-in setup time tgs 0 —- oO _ 0 _ ns 

Serial data-in hold time tih 15 — 15 — 185 — ns 

Serial write enable setup time tsws 0 — oO _ 0 _ ns 

Serial wrtie enbable hold time tswH 15 _ 5 — 56 — ns 

Serial write disable setup time tswis 0 = — "9 _ 0 _ ns 

Serial write disable hold time tswiq 15 _ S$ — 15 _ ns 
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HM538254 Series 





Notes: 


1. 


=) Oe 


0. 


12. 
13. 


14. 


15. 
16. 


17. 


18. 
19. 


AC measurements assume ty = 5 ns. 

When taco > tacp (max) and trap > trap (max), access time is specified by toac or tan. 

Vin (min) and Vj), (max) are reference levels for measuring timing of input signals. Transition 
time ty is measured between V;,, and Vj, 


Data input must be floating before output buffer is turned on. In read cycle, read-modify-write 
cycle and delayed write cycle, either tpz¢ (min) or tpz0 (min) must be satisfied. 


taHz (max), toyz (max), torfe (Max), tgyz (Max) and ts_z (min) are defined as the time at 
which the output acheives the open circuit condition (Voy — 100 mV, Vo, + 100 mV). This 


parameter is sampled and not 100% tested. ; 
Assume that tacp < tacp (max) and trap < trap (max). If taco or tran is greater than the 


maximum recommended value shown in this table, trac exceeds the value shown. 
Measured.with a load circuit equivalent to 1 TTL loads and 50 pF. 


_ When tacp 2 tacp (max) and tran < trap (max), access time is specified by tcac. 


When taco s tacp (max) and trap 2 trap (max), access time is specified by tag. 
if both tacy and tary are Satisfied, operation is guaranteed. 


. When twos 2 twcs (min), the cycle is an early write cycle, and /O pins remain in an open 


circuit (high impedance) condition. 

These parameters are specified by the later falling edge of CAS or WE. 

Either tepp (min), topp (min) or tanp (min) must be satisfied because output butfer must be 
turned off by CAS, OE or RAS prior to applying data to the device when output buffer is on. 
When tawp 2 tawp (min) and towo 2 tcwp (min) in read-modify-write cycle, the data of the 
selected address outputs to an 1/O pin and input data is written into the selected address. topp 
(min) must be satisfied because output buffer must be turned off by OE prior to applying data to 
the device. 

Measured with a load circuit equivalent to 1 TTL loads and 30 pF. 

After power-up, pause for 100 ys or more and execute at least 8 initialization cycle (normal 
memory cycle or refresh cycle), then start operation. Hitachi recommends that least 8 
initialization cycle is the CBRR for internal register reset. This CBRR need not tsqs and trast. 
When tsyz and ts, 7 are measured in the same VCC and Ta condition and tr and ti of SE are 
less than 5 ns, tsyz <ts_z +5 ns. This parameter is sampied and not 100% tested. 

After power-up, QSF output may be High-Z, so 1 sc cycle is needed to be low-Z it. 

DSF2 pin is open pin, but Hitachi recommends it is fixed low in all operation for the addition 
mode in future. 
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Hyper Page Mode Read Cycle 
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HM538254 Series 
Write Cycle 


The write cycle state table as shown below is applied to early write, delayed write, page mode write, and 
read-modify write. 


Write Cycle State Table 





























RAS CAS RAS RAS CHS 
DSF1 DSF1 WE vo vo 
Menu Cycle 
wi Ww2 W3 W4 W5 
RWM Write mask (new/old) 0 0 0 Write mask"! Valid data 
Write DQs to VOs 
BWM Write mask (new/old) fe) 1 0 Write mask’2 Column mask’2 
Block write 
RW Normal write (no mask) 0 0 1 Don'tcare’* = Valid data 
BW Block write (no mask) 0 1 1 Don't care’? = Column mask’? 
LMR’s Load mask resister 1 0 1 Don't care Mask data’3 
LCR’s Load color resister 1 1 1 Don't care Color data 
Note 1 


| WE ' Mode ! VOdata/RAS 
| New | | 


Mask Mask | 
ip oie ta | 


| 

| | Persistent | Dont care | 
| ; Mask ! (mask register used) | 
‘ Mode ; 


:High | No mask | Don't care | 


VO Mask Data (in new mask mode) 
Low: Mask 
High: Non Mask 
In persistent mask mode, /O don’t care 
Note 2: reference Figure 2 use of Block Write 
Note 3: I/O Write Mask Data 
Low: Mask 
High: Non mask 
Note 4: Column Address: Don’ care 


ow 
fo 


She ELSES 
EL a 
Early Write Cycle 


tac 
tRAS tap 





:Don't care 
W1 to W5: See Write Cycle State Table for the logic states. 
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Delayed Write Cycle 





teSr-jetreH tesc> tcrH 





:Don't care 





W1 to W5: See Write Cycle State Table for the logic states. 
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Hyper Page Mode Write Cycle (Early Write) 


tre 
| tRASP tap 





:Don't care 
W1 to W5: See Write Cycle State Table for the logic states. 


Hyper Page Mode Write Cycle (Delayed Write) 


tRC 
| tRASP —ap 





:Don't care 





Wl to W5: See Write Cycle State Table for the locgic states. 
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Read- Modify-Write Cycle 


tawe 








Caw! : tawL —_—+ 
| tcwo 


twp 
== 
a iAC 
alid valid Dout J 
= ee fe a 












:Don't care 





Wl to W5: See Write Cycle State Table for the logic states. 
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e RAS-Only Refresh Cycle 


tac 
tras tre 









1° 9 00 0 0 a 2 + 
o 6 





LALA AAR 
a rene, f - S 





o 
% or S505 


eS 


WE: Don't care 
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TAS-Before-RAS Refresh Cycle (CBRN) 


tac 
tRP tRAS fe———tap 


RA tree 












Note: SC:Don't care 


Hidden Refresh Cycle 


trac 
tRAS bp ret TC 


AS 


Valid Dout 





torre 





°tRFH 





:Don't care 
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CAS-Before- RAS Set Cycle (CBRS) 
R¢—_——_—______——__—_—_4 






trp tRAS tRP———_———_ 
RAS 
4—tRPC—d/!4—-tcsr SCHR 4-2 CRP 
CAS inhibit failing transition 2 Ty 
tasR tran 
Address = pawl 














See AL Po uig 
See CU es: 
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0. SESE L CEE, aay 


RR a tae 
Drones 







ee ee 






teil ip Oe ROO 
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Sc oS 





Note: AO, Al, A8:Oon't care ‘Don't care 
SC: Don't care 
CAS-Before-RAS Reset Cycle (CBRR) 
tac 
tap tras tap 
RA 7 
trpc tCSR €—tCHR etc —yi 


SEAM CLES 
none "are Were’ 
eee Stata 





tRST 
_ 8j-3 Bj-2 Bj-1 Bj Yn 


Note: 1. Bi, 8j initiate the boundary addresses. .Don't care 


2. Ym, Yn are the SAM start address in before SRT/MSWT. 
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Flash Write Cycle 
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Register Read Cycle (Mask data, Color data) 


tac 
| tRAS tap 


3) 
> 
Le) 


"cre 







AOS 


RRL 
| tcoo i IE 
tcHz 
|] ——— 
Valid Out 
pad = 
= ae, 







-Don't care 





Note: 1. State of OSF1 at falling edge of CAS 


Pe Oe | 
Accessed | Mask Data/Color Data 
Data (LMR) (LCR) 
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Read Transfer Cycle-1 (Real Time Read Transfer) 


tac ; 
| tRAS oat Cd 
RAS 









eral 
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Bey Address 


OO 






055,88 tetd PLCC ELS 


tscc tscc ts¢ tscc 
tso0—9| #tsoHH letse es 


tScA | tSca 
°SOH 


; Valid Sout 


cenere 


tSOH tson 


pvatoa Sour # vatia Sou: 


Previous Row—9j e—— New Row 





S1/0 
( 





$1/0 High-Z 
(Input) : 


toQH! a) . 
QSF SAM Address MSB A 


Q 
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Read Transfer Cycle - 2 


RAS” 


AM Start 
Address 


EE 


nne.eWrererere.9.0, 0. 





SAM Address MSB 


Zed Don't care 
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Masked Write Transfer Cycle 


tac 


RA 








$1/0 
(Ou 
$1/0 
(Input) é 

4¢—tcQ0 

ee 
= 

QSF SAM Address MSB i 





tus tuy 


y es seuatreneecerat ER 
UO Mask Data # eS eee 





Note: 1. I/0 Mask Data (In new mask mode) 
Low : Mask 
High : Non Mask 
1/0 : Don't care in persistent mask mode. 


Don't care 
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Split Read Transfer Cycle 









RAS 
tCSH 
CAS i 
1 
Address eae e ae Y 





LEE 







—tsc¢ 
tsts tsq sce 
s¢ Bit2 m*] ‘Nino Bj-2\__f8i-1\_}3jea\_/ 1 
tSCA ’ 

tSOH 
(output) Vaid Sout_Jegs os 
S1/0 | 
(Input) t$Q0 | etsgo 

tsQu ts 
QSF see SAM Address MSB aT 


:don't care 





Notes: 1. Ym is the SAM start address in before SRT. 
2. Bi, BJ initiate the boundary address. 
3. A8 : Don't care, and upper SAM or lower SAM is set automatically by the 
internal circuit. 
SAM start address can't set on the boundary address. 
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Masked Split Write Transfer Cycle 
- Qe 
tRAS tre 
—_—_—_——_—_—_——————ee) 
tRCO <CAS 


tCAH 








Bj*2 fi 





, pee vor 
py | 
tsr 


















(Output) | | 

S1/0 B - " 

(Input) SS Ye oe : 

tsqo 

tso 

QSF SAM Address MSB a 

tMH 

1/0 one °344 

(Input) RS 
Eee :Oon't care 

Notes: 1. Ym is the SAM start address in before MSWT. 


1 
2. Bi, Bj initiate the boundary address. 
3. 1/0 Mask Data (In new mask mode) 
Low : Mask 
High : Non Mask 
1/0 : Don't care in persistent mask mode. 
4. A& : Don't care, and upper SAM or lower SAM is set automatically by the 
internal circuit. 
SAM start address can't set on the boundary address. 
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Serial Read Cycle 






SE 
tsce tscc tscc_———— 
ts¢ tscp Fl tse e—tscp—dl #-tsc——bi etc ts¢ 
SC 
tsca———> 
tsox SSCA tSox | 
S1/0 


-Gon't care 





Sereal Write Cycle 





Don't care 
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Package Dimensions 


HM538254]J Series (CP-40D) 
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HM538254 Series 


Unit: mm 


| 9.40+0.25 || 
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Package Dimensions (cont) 


HMS538254TT Series (TTP-40DA) Unit: mm 


Vuvv 


1 
0.30+0.10 | 10.2168) 


1+ 1.005Max 


x! 
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| | 
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——et 


>a<— 
| 


0.05 
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HM538254RR Series (TTP-40DAR) Unit: mm 





40 


|| 89) 


G.30+0.10,)) r0.21'Mi 






















1.005 max 414.76 20.2...: 

7620.2. 
ee Vs | 9—5*, | 
x| wi ex - | 
=| L TEU S| FF | 
ba 27 0.10 S| wie 
| a Bee z= 
= 2) a rr 

: | 


49 


HM5316123 Series 





Preliminary 


131,072-Word x 16-Bit Multiport CMOS Video RAM 


HITACHI 


The HM5316123 is a 2-Mbit multiport video RAM 
equipped with a 128-kword x 16-bit dynamic 
RAM and a 256-word x 16-bit SAM (full-sized 
SAM). Its RAM and SAM operate independently 
and asynchronously. The HM5316123 has 
basically upward-compatibility with the 
HM534253A/HM538123A except that pseudo- 
write-transfer cycle is replaced with masked-write- 
transfer cycle, which has been approved by 
JEDEC. Furthermore, several new features are 
added to the HM5316123 without conflict with the 
conventional features. Stopping column feature 
realizes much flexibility to the length of split SAM 
register. Persistent mask is also installed according 
to the TMS34020 features. Byte-write-control is 
useful for x16 organization to be fit to 8-bit bus 
system. 


Preliminary: This document contains information on a new 
product. Specifications and information contained herein 
are subject to change without notice. - 


o8 
Hitacht 
semiconductor 


—_ 


Rev. 2 
Feb. 10, 1993 





Features 


* Multiport organization 
Asynchronous and simultaneous operation of 
RAM and SAM capability 
RAM: 128 kword x 16 bit 
SAM: 256 word x 16 bit 
Access ume 
RAM: 70 ns/80 ns/100 ns (max) 
SAM: 20 ns/23 ns/25 ns (max) 
Cycle time 
RAM: 130 ns/150 ns/180 ns (min) 
SAM: 25 ns/28 ns/30 ns (min) 
* Low power 
Active RAM: 660 mW/605 mW/550 mW 
SAM: 468 mW/413 mW/385 mW 
- Standby 38.5 mW (max) 
* Masked-write-transfer cycle capability 
Stopping column feature capability 
Persistent mask capability 
+ Byte write control capability: 2WE control 
Fast page mode capability 
Cycle time: 45 ns/50 ns/55 ns 
Power RAM: 688 mW/660 mW/633 mW 
¢ Mask write mode capability 
Bidirectional data transfer cycle between RAM 
and SAM capability 
Split transfer cycle capability 
Block write mode capability 
Flash write mode capability 
3 variations of refresh (8 ms/512 cycles) 
~ RAS-only refresh 
— CAS-before-RAS refresh 
— Hidden refresh 
* TTL compauble 
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Ordering Information 





Type No. Access time Package 
HM5316123F-7 70 ns 64-pin plastic 

shrink SOP 
HM5316123F-8 80 ns (FP-64DS) 
HM5316123F-10  100ns 





Pin Arrangement 
'HM5316123F Series 


$/o14 
O14 


(Top view) 





Pin Description 
Pin name 

AO ~A8 

VOO0 - /015 


$l/O0 - SV/O15 


DSF1, DSF2 


QSF 


Function 

Address inputs 

RAM port data inputs/outputs 
SAM port data inputs/outputs 
Row address strobe 

Column address strobe 
Upper byte write enable 
Lower byte write enable 
Data transfer/output enable 
Serial clock 


SAM port enable 


' Special function input flag 


Special function output flag 
Power supply 


Ground 
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Block Diagram 


A0 -A8 
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Row Address 





Row Decoder 





0 
255 Memory Array 511 











Input Output 
Butfer Buffer 
YOO - 1/015 
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Pin Functions 


RAS (input pin): RAS is a basic RAM signal. It is active in low level and standby in high level. -Row 
address and signals as shown in table 1 are input at the falling edge of RAS. The input level of these 
signals determine the operation cycle of the HM5316123. 


Table 1. Operation Cycles of the HM5316123 
RAS CAS Address V/On input 


Code CAS DT/OE WE OSF1 DSF2 DSF1 DSF2 RAS CAS RAS CAS/WE 




















CBRS 0 - 0 1 0 - 0 Stop) - - - 
CBRR 0 - 1 0 0 - 0 - - - hes 
CBRN 0 - 1 1 0 - 0 - - = = 
MWT 1 0 0 0 0 - 0 Row TAP WM - 
MSWT 1 0 0 1 0 - 0 Row TAP WM - 
RT 1 0 1 0 0 - 0 Row TAP - - 
SRT 1 0 1 1 0 - 0 Row TAP - - 
RWM 1 j 0 0 0 0 0 Row Column WM Input data 
Register 
Mnemonic Write Pers ——————_ No.of 
Code Mask W.M. WM Color Bndry Function 
CBRS - - = - Set CBR refresh with stop resister set 
CBRR - Reset Reset —- | Reset CBR refresh with register reset 
CBRN - - =- = - CBR refresh (no reset) 
MWT Yes No Load/use — - Masked write transfer (new/old mask) 
Yes Use 
MSWT Yes No Load/use — Use Masked split write transfer (new/old mask) 
Yes Use 
RT - - - - - Read transfer 
SRT - - - - ude Split read transfer 
RWM Yes No Load/use - ~ Read/write (new/old mask) 
Yes Use 


BN 
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Table 1. Operation Cycles of the HM5316123 (cont) 





Mnemonic RAS CAS Address VOn Input 





Code TAS DT/OE WE OSF1 DSF2 DSF1 DSF2 RAS CAS AS CAS/WE 
































BWM 1 1 0 0 0 1 0 Row Column WM — Column 
Mask 
* RW(No) 1 1 4 0 0 0 0 Row Column - Input data 
BW (No) 1 1 1 0 0 1 0 Row Column —- Column - 
Mask 
FWM 1 1 0 1 0 - 0 Row - WM - 
LMR and 1 1 1 1 0 0 0 (Row) -— — - Mask 
Old Mask Set , Data 
LCR 1 1 1 1 0 1 0 (Row) - - Color 
Option 0 0 0 0 0 - 0 Mode - Data - 
Register 
Mnemonic Write Pers —_———— No.of 
Code Mask W.M. WM Color S8ndry Function 
BWM Yes No Load/use Block write (new/old mask) 
Yes Use Use - 
RW (No) No No - - - Read/write (no mask) 
BW (No) — No No - Use - Block write (no mask). 
FWM Yes No Load/use Use - Masked flash write (new/old mask) 
Yes Use 
LMRand = Set Load - - Load mask register and old mask set 
Old Mask Set 
LCR - - - Load - Load color resister set 
Option - - - - - - 
Notes: 1. With CBRS, all SAM operations use stop register. 
‘2. After LMR, RWM, BWM, FWM, MWT, and MSWT, use old mask which can be reset by CBRR. 
3. DSF2 is fixed low in all operation. (for the addition of operation mode in future) 
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CAS (input pin): Column address and DSF1 signals are fetched into chip at the falling edge of CAS, which 
determines the operation mode of the HM5316123. CAS controls output impedance of I/O in RAM. 





AO — A8 (input pins): Row address (AXO - AX8) is determined by AO - A8 level at the falling edge of 
RAS. Column address (AYO - AY7) is determined by AQ - A7 level at the falling edge of CAS. In 
transfer cycles, row address is the address on the word line which transfers data with SAM data register, 
and column address is the SAM start address after transfer. 


WEU and WEL (Input pins): WEU and WEL pins have two functions at the falling edge of RAS and after. 
_ When either WEU or WEL is low at the falling edge of RAS, the HM5316123 tums to mask write mode. 

According to the I/O level at the time, write on each I/O can be masked. (WEU and WEL levels at the 
falling edge of RAS is don’t care in read cycle.) When both WEU and WEL are high at the falling edge of 
RAS, a no mask write cycle is executed. After that, WEU and WEL switch read/write cycles. Both WEU 
and WEL must be held high in a read cycle. In a transfer cycle, the direction of transfer is determined by 
WEU and WEL levels at the falling edge of RAS. When either WEU or WEL is low, data is transferred 
from SAM to RAM (data is written into RAM), and when both WEU and WEL are high, data is 
transferred from RAM to SAM (data is read from RAM). 


1/00 — 1/O15 (input/output pins): I/O pins function as mask data at the falling edge of RAS (in mask write 
mode). Data is written only to high I/O pins. Data on low I/O pins are masked and internal data are 
retained. After that, they function as inu/output pins as those of a standard DRAM. In block write cycle, 
they function as column mask data at the falling edges of CAS, and WEU or WEL. 


DT/OE (input pin): DT/OE pin functions as DT (data transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When DT is low at the falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM and SAM operate independently. 


SC (input pin): SC is a basic SAM clock. In a serial read cycle, data outputs from an SI/O pin 
synchronously with the rising edge of SC. In a serial write cycle, data on an SI/O pin at the rising edge of 
SC is fetched into the SAM data register. 


SE (input pin): SE pin activates SAM. When SE is high, SI/O is in the high impedance state in serial read 
cycle and data on SI/O is not fetched into the SAM data register in serial write cycle. SE can be used as a 
mask for serial write because the internal pointer is incremented at the rising edge of SC. 


S1/00 ~- SI/O15 (inpur/ourput pins): SI/Os are input/output pins in SAM. Direction of input/output is 
determined by the previous transfer cycle. When it was a read transfer cycle, SI/O outputs data. When it 
was a masked write transfer cycle, SI/O inputs data. 


DSF1 (input pin): DSF1 is a special function data input flag pin. It is set to high at the falling edge of RAS 
when new functions such as color register and mask register read/write, split transfer, and flash write, are 
used, 


DSF2 (input pin): DSF2 is also a special function data input flag pin. This pin is fixed to low level in all 
operations of the HM5316123. 


QSF (output pin): QSF outputs data of address A7 in SAM. QSF is switched from low to high by 
accessing address 127 in SAM and from high to low by accessing address 255 in SAM. 
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Operation of HM5316123 
RAM Port Operation 


RAM Read Cycle (DI/OE high, CAS high and DSF1 low at the falling edge of RAS, DSF1 low at the 
falling edge of CAS) 


Row address is entered at the RAS falling edge and column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WEU or WEL is high and DT/OE is low while CAS is low, the 
selected address data outputs through I/O pin. At the falling edge of RAS, DT/OE and CAS become high 
to distinguish RAM read cycle from transfer cycle and CBR refresh cycle. Address access time (ta) and 
RAS to column address delay time (tp ap) specifications are added to enable fast page mode. . 


RAM Write Cycle (Eraly Write, Delayed Write, Read-Modify-Write) 
(DT/OE high, CAS high and DSF1 low at the falling edge of RAS, DSF1 low at the falling edge of CAS) 


* No Mask Write Cycle (WEU and WEL high at the falling edge of RAS) 


When CAS is set low and either WEU or WEL is set low after RAS low, a write cycle is executed. 

If either WEU or WEL is set low before the CAS falling edge, this cycle becomes an early write cycle and 
all I/O become in high impedance. All 16 data are latched on the falling edge of CAS. If only one of 
WEU and WEL is low when CAS falls, the write will affect only those corresponding 8 bits. If the other 
of WEU and WEL falls at the same time in the cycle, the write will then occur for those 8 bits, with the 
latched data. 

If both WEU and WEL are set low after the CAS falling edge, this cycle becomes a delayed write cycle 
and all 16 data are latched on the falling edge of WEU or WEL. Byte write occures if only one of WEU or 
WEL falls during the cycle. I/O does not become high impedance in this cycle, so data should be entered 
with OE in high. 

If both WEU and WEL are set low after tcwp (min) and tawp (min) after the CAS falling edge, this cycle 
becomes a read-modify-write cycle and enables read/write at the same address in one cycle. In this cycle . 
also, to avoid I/O contention, data should be input after reading data and driving OE high. 


* Mask Write Mode (WEU or WEL low at the falling edge of RAS) 


If WEU or WEL is set low at the falling edge of RAS, two modes of mask write cycle are capable. 

1. In new mask mode, mask data is loaded from I/O pin and used. Whether or not an I/O is written 
depends on I/O level at the falling edge of RAS. The data is written in high level I/Os, and the data is 
masked and retained in low level I/Os. This mask data is effective during the RAS cycle. So, in page 
mode cycles the mask data is retained during the page access. 

2. If a load mask register cycle (LMR) has been performed, the mask data is not loaded from I/O pins and 
the mask data stored in mask registers persistently are used. This operation is known as persistent write 
mask, set by LMR cycle and reset by CBRR cycle. 


Fast Page Mode Cycle (DT/OE high, CAS high and DSF1 low at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the random read/write cycle. In this cycle, read, writ- and 
block write cycles can be mixed. Note that address access time (ta), RAS to column address delay time 
(trap), and access time from CAS precharge (tacp) are added. In one RAS cycle, 256-word memory 
cells of the same row address can be accessed. It is necessary to specify access frequency within trasp 
max (100 ps). 
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Color Register Set/Read Cycle (CAS high, DT/OE high, WEU and WEL high and DSF1 high at the 
falling edge of RAS) 





In color register set cycle, color data is set to the internal color register used in flash write cycle or block 
write cycle. 16 bits of internal color register are provided at each I/O. This register is composed of static 
circuits, SO once it is set, it retains the data until reset. Since color register set cycle is just as same as the 
usual write cycle, so read, early write and delayed write cycle can be executed. In this cycle, the 
HMS5316123 refreshes the row address fetched at the falling edge of RAS. 


Mask Register Set/Read Cycle (CAS high, DT/OE high, WEU and WEL high, and DSF1 high at the 
falling edge of RAS) 


In mask register set cycle, mask data is set to the internal mask register used in mask write cycle, block 
write cycle, flash write cycle, masked write transfer, and masked split write transfer. 16 bits of internal 
mask register are provided at each I/O. This mask register is composed of static circuits, so once it is set, it 
retains the data until reset. Since mask register set cycle is just as same as the usual read and write cycle, 
so read, early and delayed write cycles can be executed. 


Flash Write Cycle (CAS high, DT/OE high, WEU or WEL low, and DSF1 high at the falling edge of RAS) 


In a flash write cycle, a row of data (256 word x 16 bit) is cleared to 0 or 1 at each I/O according to the data 
of color register mentioned before. It is also necessary to mask I/O in this cycle. When CAS and DT/OE 
is set high, WEU or WEL is low, and DSF1 is high at the falling edge of RAS, this cycle starts. Then, the 
row address to clear is given to row address. Mask data is as same as that of aRAM write cycle. Cycle 
time is the same as those of RAM read/write cycles, so all bits can be cleared in 1/256 of the usual cycle 
time. (See figure 1.) 


Flash Write Cycle , Flash Write Cycle 


! 


Color Register Set Cycle 


CAS 
Address 
WEU, WEL 
DT/OE 
DSF1 
050005020, 


vo SORRY 


Set color register | Execute flash write into each | Execute flash write into 
VO on row address Xi using | each I/O on row address 
color register. Xj using color register. 


*1 1/0 Mask Data (In new mask mode) 
Low: Mask . 
High: Non Mask 
in persistent mask mode, I/O don’t care 





Figure 1 Use of Flash Write 
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Block Write Cycle (CAS high, DT/OE high and DSF1 low at the falling edge of RAS, DSF1 high and 
WEU or WEL low at the falling edge of CAS) 





In a block write cycle, 4 columns of data (4 column x 16 bit) are cleared to 0 or 1 at each I/O according to 
the data of color register. Column addresses AO and Al are disregarded. The mask data on I/Os and the 
mask data on column addresses can be determined independently. I/O level at the falling edge of CAS 
determines the address to be cleared. (See Figure 2.) The block write cycle is as the same as the usual 
write cycle, so early and delayed write, read-modify-write, and page mode write cycle can be executed. 


* No mask Mode Block Write Cycle (WEU and WEL high at the falling edge of RAS) 


The data on 16 I/Os are all cleared when WEU and WEL are high at the falling edge of RAS. 


* Mask Block Write Cycle (WEU or WEL low at the falling edge of RAS) 


When either WEU or WEL is low at the falling edge of RAS, the HM5316123 starts mask block write 
cycle to clear the data on an optional I/O. The mask data is the same as that of a RAM write cycle. High 
1/O is cleared, low I/O is not cleared and the internal data is retained. In new mask mode, the mask data is 
available in the RAS cycle. In persistent mask mode, I/O don't care about mask mode. 


¢ Column Mask (WEU or WEL low at the falling edge of CAS) 


Column. mask data is determined by 41/Os (1/00, I/O1, 1/02, 1/03) level at CAS low and WEU or WEL 
low edge. When upper byte column mask is performed by WEL high and WEU low, column mask data are 
determined by 41/Os (1/00, 1/01, 1/02, 1/03) and other I/Os (1/04 to 1/015) don't care. 
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Block Write Cycle 


2 
[3) 
~ 

Oo 
® 

= 

> 

a 


Color Register Set Cycle 


/Q data/RAS 


Persistent} Don't care 


(mask register used) 


Both High! No mask | Don't care 


1/O Mask Data (In new mask mode) 


Low: Mask 


High: Non Mask 
In persistent mask mode, /O don't care 


Column Mask Dai 


A1 = 0) Mask Data 


| OO | Columnd (AO = 0, 


i VO1 


| 
! 


0) Mask Data | Low: Mask 


A1 = 1) Mask Data 
A1 = 1) Mask Data 


Al = 


Columnt (AO = 1, 


02 | Column2 (AO 


0, 
= 


High: Non Mask 


Column3 (AO = 1, 


/03 





Figure 2 Use of Block Write 


10 


HM5316123 Series 





Transfer Operation 


The HM5316123 provides the read transfer cycle, split read transfer cycle, masked write transfer cycle and 
masked split write transfer cycle as data uansfer cycles. Theses transfer cycles are set by driving CAS high 
and DT/OE low at the falling edge of RAS. They have following functions: — 

(1) Transfer data between row address and SAM data register 

Read transfer cycle and split read wansfer cycle: RAM to SAM 

Masked write transfer cycle and masked split write transfer cycle: SAM to RAM 

(2) Determine SI/O state (except for split read transfer cycle and masked split write transfer cycle) 

Read transfer cycle: SI/O output 

Masked write transfer cycle: SI/O input 

(3) Determine first SAM address to access after transferring at column address (SAM start address). 

SAM start address must be determined by read transfer cycle or masked write transfer cycle (split transfer 
cycle isn’t available)before SAM access, after power on, and determined for each transfer cycle. 

(4) Use the stopping columns (boundaries) in the serail shift register. If the stopping columns have been 
set, split transfer cycles use the stopping columns, but any boundaries cannot be set as the start address. 

(5) Load/use mask data in masked write transfer cycle and masked split write transfer cycle. 


Read Transfer Cycle (CAS high, DT/OE low, WEU and WEL high and DSF1 low.at the falling edge of RAS) 


This cycle becomes read transfer cycle by driving DT/OE low, WEU and WEL high and DSF1 low at the 
falling edge of RAS. The row address data (256 x 16 bits) determined by this cycle is transferred to SAM 
data register synchronously at the rising edge of DT/OE. After the rising edge of DT/OE, the new address 
data outputs from SAM start address determined by column address. In read transfer cycle, DT/OE must 
be risen to transfer data from RAM to SAM. 

This cycle can access SAM even during transfer (real time read transfer). In this case, tie timing tspp 
(min) specified between the last SAM access before transfer and DT/OE rising edge and tspy (min) 
specified between the first SAM access and DT/OE rising edge must be satisfied. (See figure 3.) 

When read transfer cycle is executed, SI/O becomes output state by first SAM access. Input must be set 
high impedance before tszs (min) of the first SAM access to avoid data contention. 


RAS 


CAS 
Address 


DT/OE 





Figure 3 Real Time Read Transfer 
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Masked Write Transfer cycle (CAS high, DT/OE low, WEU or WEL low, and DSF1 low at the falling 
edge of RAS) 





Masked write transfer cycle can transfer only selected I/O data in a row of data input by serial write cycle 
to RAM. Whether one I/O data is transferred or not depends on the corresponding I/O level (mask data) at 
the falling edge of RAS. This mask transfer operation is the same as a mask write operation in RAM 
cycles, so the persistent mode can be supported. The row address of data transferred into RAM is 
determined by the address at the falling edge of RAS. The column address is specified as the first address 
for serial write after terminating this cycle. Also in this cycle, SAM access becomes enabled after tspp 
(min) after RAS becomes high. SAM access is inhibited during RAS low. In this period, SC must bot be 
risen. Data transferred to SAM by read transfer cycle or split read transfer cycle can be written to other 
addreses of RAM by write wansfer cycle. However, the adddress to write data must be the same as that of 
the read transfer cycle or the split read wansfer cycle (row address AX8) 


Split Read Transfer Cycle (CAS high, DT/OE low, WEU and WEL high and DSF1 high at the falling edge of RAS) 


To execute a continuous serial read by real time read transfer, the HM5316123 must satisfy SC and DT/OE 
timings and requires an external circuit to detect SAM last address. Split read transfer cycle makes it 
possible to execute a continuous serial read without the above timing limitation. 

The HM5316123 supports two types of split register operation. One is the normal split register operation 
to split the data register into two halves. The other is the boundary split register operation using stopping 
columns described later. 

Figure 4 shows the block diagram for the normal split register operation. SAM data register (DR) consists 
of 2 split buffers, whose organizations are 128-word x 16-bit each. Let us suppose that data is read from 
upper data reagister DR1 (The row address AX8 is 0 and SAM address A7 is 1.). When split read transfer 
is executed setting row address AX8 to 0 and SAM start addresses AO to A6, 128-word x 16-bit data are 
transferred from RAM to the lower data register DRO (SAM address A7 is 0) automatically. After data are 
read from data register DR1, data start to be read from SAM start addresses of data register DRO. If the 
next split read transfer isn’t executed while data are read from data register DRO, data start to be read from 
SAM start address 0 of DRI after data are read from data register DRO. If split read transfer is executed — 
setting row address AX8 to 1 and SAM start addresses AO to A6 while data are read from data register 
DR1, 128-word x 16-bit data are uwansferred to data register DR2. After data are read from data register 
DR1, data start to be read from SAM start addresses of data register DR2. If the next split read transfer 
isn’t executed while data is read from data register DR2, data start to be read from SAM start address 0 of 
data register DR1 after data are read from data register DR2. In split read data transfer, the SAM start 
address A7 is automatically set in the data register, which isn’t used. 

The data on SAM address A7, which will be accessed next, outputs to QSF, QSF is switched from low to 
high by accessing SAM last address 127 and from high to low by accessing address 255. 

Split read transfer cycle is set when CAS is high, DT/OE is tow, WEU and WEL is high and DSF1 is high 
at the falling edge of RAS. The cycle can be executed asyncronously with SC. However, HM5316123 
must be satisfied tSTS (min) timing specified between SC rising (Boundary address) and RAS falling. In 
split transfer cycle, the HM5316123 must satisfy tps (min), test (min) and tas (min) timings specified 
between RAS or CAS falling and column address. (Sce figure 5.) 

In split read transfer, SI/O isn’t switched to output state. Therefore, read transfer must be executed to 
switch SI/O to output state when the previous transfer cycle is masked write transfer cycle or masked split 
write transfer cycle. SAM start address must be set in every split read transfer cycle. 
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Figure 4 Block Diagram for Split Transfer 


| tsts (min) | tast (min) 
1 
CAS | | 
| tesr(min} 
Adress 7 SOX XMM XS 
| 


tast (min) 





Sc i Bj-1 Bj 


Note: Ym is the SAM start address in before SRT. Bi and Bj initiate the boundary address. 





Figure 5 Limitation in Split Transfer 


13 


HM5316123 Series 


Masked Split Write Transfer Cycle (CAS high, DT/OE low, WEU or WEL low and DSF1 high at the 
falling edge of RAS) 


A continuous serial write cannot be executed because accessing SAM is inhibited during RAS low in write 
transfer. Masked split write transfer cycle makes it possible. In this cycle, tsts (min), trst (min), test 
(min) and tasty (min) timings must be satisfied like split read transfer cycle. And it is impossible to switch 
SI/O to input state in this cycle. If SI/O is in output state, masked write transfer cycle should be executed 
to switch SI/O into input state. Data transferred to SAM by read transfer cycle or split read transfer cycle 
can be written to other addresses of RAM by masked split write transfer cycle. However, masked write 
uransfer cycle must be executed before split write transfer cycle. And in this masked split write transfer 
cycle, the MSB of row address (AX8) to write data must be the same as that of the read transfer cycle or 
the split read transfer cycle. 


Stopping Column in Split Transfer Cycle 


The HM5316123 has the boundary split register operation using stopping columns. If a CBRS cycle has 
been performed, split transfer cycle performs the boundary Spector: Figure 6 shows an example of 
boundary split register. (Boundary code is B6.) 

First of all a read data transfer cycle is executed, and SAM start addresses AO to A7 are set. The RAM data 
are transferred to the SAM, and SAM serial read starts from the start address (Y1) on the lower SAM. 
After that, a split read transfer cycle is executed, and the next start address (Y2) is set. The RAM data are 
transferred to the upper SAM. When the serial read arrive at the first boundary after the split read transfer 
cycle, the next read jumps to the start address (Y2) on the upper SAM (jump 1) and continues. Then the 
second split read transfer cycle is executed, and another start address (Y3) is set. The RAM data are 
transferred to the lower SAM. When the serial read arrive at the other boundary again, the next read jumps 
to the start address (Y3) on the lower SAM. In stopping column, split transfer is needed for jump operation 
between lower SAM and upper SAM. 


| iz@i 
ee Sg Boundaries (B6) 


64 bit 


Lower SAM 
128 bit 





Figure 6 Example of Boundary Split Register 
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HM5316123 Series 
Stopping Column Set Cycle (CBRS) 


This cycle becomes stopping column set cycle by driving CAS low, WEU or WEL low, DSF1 high at the 
falling edge of RAS. Stopping column data (boundaries) are latched from address inputs on the falling 
edge of RAS. To determine the boundary, A2 to A6 can be used and don’t care AO, Al, and A7. In the 
HMS5316123, 6 types of boundary (B2 to B7) can be set including the default case. (See stopping column 
boundary table.) If A2 to AS are set to high and A6 is set to low, the boundaries (B6) are selected. Figure 
6 shows the example. The stop address that is set by the CBRS is used from next split transfer cycle. Once 
a CBRS is executed, the stopping column operation mode continues until CBRR. 


Stopping Column Boundary Table 
Stop Address 


Boundary code Column size A2 A3 A4 AS A6 


B2 4 0 * * * * 
B3 8 1 0 * * * 
B4 16 1 1 0 . 7 
BS 32 1 1 1 0 * 
B6 64 1 1 1 1 0 
B7 128 1 1 1 1 l 


Notes: 1. AO, Al, and A7: don't care 
2. *: don’t care 


Register Reset Cycle (CBRR) 


This cycle becomes register reset cycle (CBRR) by driving CAS low, WEU and WEL high, and DSF1 low 
at the falling edge of RAS. A CBRR can reset the persistent mask operation and stopping column 
operation, so the HM5316123 becomes the new mask operation and boundary code B7. When a CBRR is 
executed for stopping column operation reset and split transfer operation, it need to satisfy tgs (min) and 
trsT (min) between RAS falling and SC rising for correct SAM read/write operation. 


No Reset CBR Cycle (CBRN) 


This cycle becomes no reset CBR cycle (CBRN) by driving CAS low, WE high and DSFI high at the 
falling edge of RAS. The CBRN can only execute the refresh operation. 


Byte Control (WEU, WEL) 


In a write cycle, when WEL set low and WEU set high, I/O0 to 1/07 become write mode and 1/08 to I/O15 
become no write mode, and when WEL set high and WEU set low, 1/00 to 1/07 become no write mode and 
1/08 to 1/015 become write mode. The write cycle that byte control is capable are RAM write cycle, block 
write cycle, load write mask register cycle and load color register cycle. The byte control write cycle is 
capable to execute early write, delay write, read-modify-write and page mode. But write mask in new 
mask mode, flash write, transfer and refresh cycle can not execute byte control. 





HM5316123 Series 
SAM Port Operation 
Serial Read Cycle 


SAM port is in read mode when the previous data transfer cycle is a read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output from SI/O. When SE is set high, SI/O becomes high 
impedance, and the internal pointer is incremented by the SC rising. After indicating the last address 
(address 255), the internal pointer indicates address 0 at the next access. 


Serial Write Cycle 


If previous data transfer cycle is masked write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is fetched into data register at the SC rising edge like in the serial read cycle. If SE is 
high, SI/O data isn't fetched into data register. The internal pointer is incremented by the SC rising, so SE 
high can be used as mask data for SAM. After indicating the last address (address 255), the internal 
pointer indicates address 0 at the next access. 


Refresh 
RAM Refresh 


RAM, which is composed of dynamic circuits, requires refresh cycle to retain data. Refresh is executed by 
accessing all 512 row addresses within 8 ms. There are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBRN, CBRS, and CBRR) refresh cycle, and (3) Hidden refresh cycle. Besides 
them, the cycles which activate RAS, such as read/write cycles or transfer cycles, can also refresh the row 
address. Therefore, no refresh cycle is required when all row addresses are accessed within 8 ms. 


(1) RAS-Only Refresh Cycle: RAS-only refresh cycle is executed by activating only the RAS cycle with 
CAS fixed to high after inputting the row address (= refresh address) from external circuits. To distinguish - 
this cycle from a data transfer cycle, DT/OE must be high at the falling edge of RAS. 

(2) CBR Refresh Cycle: CBR refresh cycle (CBRN, CBRS and CBRR) are set by activating CAS before 
RAS. In this cycle, the refresh address need not to be input through external circuits because it is input 


through an internal refresh counter. In this cycle, output is in high impedance and power dissipation is 
lowered because CAS circuits don’t operate. 


(3) Hidden Refresh Cycle: Hidden refresh cycle executes CBR refresh with the data output by reactivating 
RAS when DT/OE and CAS keep low in normal RAM read cycles. 


SAM Refresh 


SAM parts (data register, shift resister and selector), organized as fully static circuitry, require no refresh. 
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Absolute Maximum Ratings 
Parameter Symbol Value Unit 





Voltage on any pin relative to Vsg Vr -1.0 to +7.0 Vv 
Supply voltage relative to Vgg Voc -0.5 to +7.0 V 
Short circuit output current lout . 50 mA 
Power dissipation Pr 1.0 Ww 
Operating temperature Topr Oto +70 °C 
Storage temperature Tstg —55 to +125 °C 





Recommended DC Operating Conditions (Ta = 0 to +70°C) 





Parameter Symbol Min Typ Max Unit Notes | 
Supply voltage Voc 45 5.0 5.5 V 1 
Input high voltage Vin 2.4 _ 6.5 V 1 
Input low voltage Vit 052 — 0.8 V 1 


Notes: 1. All voltage referenced to Veg 
2. -3.0 V for pulse width < 10 ns. 


HM5316123 Series 
DC Characteristics (Ta = 0 to +70°C, Voc =5 V + 10%, Vss = 0 V) 
































HMS316123 
-7 8 -10 
Parameter Symbol Min Max Min Max Min Max Unit Test conditions 
Operating current logy — 120 — 110 — 100 mA FRAS,CAS SC=Vy,SE=Viy 
eyeing oo 
loc7 — 195 — 175 — 160 mA tac=min SE=Vy, SC cycling 
tscc = min 
Block write current Iccigw — «125 — 115 — .100 mA RAS,CAS SC=Wy,SE=Viy 
—_—— cycling oo 
lco7aw — «200 ~ — «=180 — 160 mA tag=min SE=Vi, SCcycling 
tscc = min 
Standby current Ic¢co — 7 — 7 =— 7 mA RAS,CAS SC= Vip. SE = Vi 
—_—_—_——_— OO Vi ————___- 
locos — 85 — 75 — 70 mA SE = Vi, SC cycling 
tscc = min 
RAS-only refresh I¢cg3 — 115 — 105 — 90 mA RAS cycling SC=Vy,5E = Vy 
current —_—————_— ES eV 
locg — 185 — 165.— 150 mA tpo=min SE=Vji, SC cycling 
tscc = min 
Fastpage mode Ic¢cg — 125 — 120 — 115 mA CAS cycling SC = Vy, SE = Viy 
current °3 — RAS Vy 
loc1o — 200 — 185 — 175 mA tpc=min SE=Vy, SC cycling 
tscc = min 
Fast page mode Iccagw—- 145 — 135 — 130 mA CAS cycling SC = Vy, SE = Viy 
block write _—$——. $F Vy 
current °3 locropw—- 220 — 205 — 195 mA tpc=min SEV, SC cycling 
tsoco = min 
CAS-before RAS Ioc5 — 85 — 75 — 65 mA RAS cycling SC = Vy, SE = Vipy 
refresh current. ©§_ ——_—_—— tr = min 92“ 
loon — 155 — 140 — 125 mA SE = Vy, SC cycling 
tscc = min 
Data transfer leg — 130 — 120 — 110 mA FAS,CAS SC= Vit» SE = Vin 
current eyeing ——_—___————_— 
lec12 — 205 — 185 — 165 mA_ tac=min SE = Vit. SC cycling 
, tscc = min 
Input leakage current I); -10 10 -10 10 -10 10 pA 
Output leakage curentl|g  -10 10 -10 10 -10 10 WA 
Output high voltage Voy 24 — 24 — 24 — V lon =-1 mA 
Output low voltage Vo, — 04 — 04 — 04 V loy = 2.1 mA 





Notes: 1. Ic¢¢ depends on output load condition when the device is selected. Ic¢ max is specified at the 
output open condition. — 
2. Address can be changed once while RAS is low and CAS is high. 
3. Address can be changed once in 1 page cycle (tpc). 


os 
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HMS5316123 Series 
Capacitance (Ta = 25°C, Vcc = 5 V+10 %, f = 1 MHz, Bias: Clock, I/O = Vcc, address=Vss) 











Parameter Symbol Typ Max Unit. Note 
Input capacitance (Address) Cy — 5 pF 1 
Input capacitance (Clocks) Cio —_ 5 pF 1 
Output capacitance (1/O, S/O, QSF) Cyo te 7 pF 1 





Notes: 1. This parameter is sampled and not 100% tested. 


AC Characteristics (Ta = 0 to +70°C, Vec =5 V+ 10%, Vss =0 V) *!) "16 
Test Conditions 


~ Input rise and fall times: Sns 
— Input pulse levels: Vgg to 3.0 V 
- Input timing reference levels: 0.8 V, 2.4 V 
~— Output timing reference levels: 0.8 V, 2.0 V 
— Output load: RAM 1TTL+CL(SOPF) 
SAM, QSF 1TTL+CL(30PF) 
(Including scope and jig) 


Common Parameter 





HM5316123 

-7 8 -10 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
Random read or write cycle time tac 130 — 150 — 180 — ns 
RAS precharge time tap 50 — 60 — 70 — ns 
RAS pulse width tras 70 10000 80 10000100 10000 ns 
CAS pulse width tcas 20 — 20 — 2 — = os 
Row address setup time tasR oO — C= oS ns 
Row address hold time tRAH 10 — 10 — 10 — ns 
Column address setup time tasc oO — o —- Oo -— ns 
Column address hold time tcAH 12 — 15 — 15 — as 
RAS to CAS delay time taco 20 50 20 60 20 75 ns 2 
RAS hold time referenced to CAS tasy 20 — 20 — 2 — = as 
CAS hold time referenced to RAS tosy 70 — 80 — 100 — ns 
TAS to RAS precharge time tcrp 10 — 10 — 10 — -ns 
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Common Parameter (cont) 




















HM5316123 

-7 8 “10 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
Transition time (rise to fall) tr 3. 50 3 50 3 50 ns 3 
Refresh period tReF — 8 = 8 — 8 ms 
DT to RAS setup time tots o — 0 — O — ns 
DT to RAS hold time toTH 10 — 10 — 10 — os 
DSF1 to RAS setup time tesr o — o — 0 — as 
DSF1 to RAS hold time tREH 10 — 10 — 10 — = as 
DSF1 to CAS setup time tesc o —- Oo — O — as 
DSF1 to CAS hold time tCFH 12 — 15 — 15 — ns 
Data-in to TAS delay time tozc o —- 0 — 0 — rns 4 
Data-in to OE delay time tozo o — 0 — 0 — ors 4 
Output buffer turn-off delay tOFF1 — 15 —- 20 — 20 ns § 
referenced to CAS 
Output buffer turn-off delay torre — 15 — 2 — 20 ns § 


referenced to OE 
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Read Cycle (RAM), Page Mode Read Cycle 


























HM5316123 

7 8 -10 . 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
Access time from RAS “trac — 70 — 80 — 100 ns 6,7 
Access time from CAS tcac — 20 — 2 — 2 ons 7,8 
Access time from OE toac — 20 -—- 200 — 2 ons 7 
Address access time tAA — 35 — 40 j— 45 ons 7,9 
Read command setup time tacs oo — oO —- 9 — ns 
Read command hold time tacH o — oO — O --— ns 10 
Read command hold time tRRH oO — 5 — 10 — ns 10 
referenced to RAS . 
RAS to column address delay time trap 15 35 1S 40 15 S55 ns 2 
Column address to RAS lead time tray 35 — 40 — 45 — = os 
Column address to CAS lead time toa 35 — 40 — 45 — = os 
Page mode cycle time tec 45 — °§0 — $5 — ns 
CAS precharge time top 7 — 10 — 10 — = os 
Access time from CAS precharge tacp — 400 — 45 — 50 = ns 
Page mode RAS pulse width tRasp 7Q 100000 80 100000 100 100000 ns 
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Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 





























HM5316123 

-7 8 -10 
Parameter Symbol! Min Max Min Max Min Max Unit Notes 
Write command setup time twos oO —-— 08 =— 0 — ns 11 
Write command hold time — tWCH 12 — 168 — 15 — ns 
Write command pulse width twp 12 — 156 — 5 — ns 
Write command to RAS lead time = tawt 20 — 2—- 20 — ns 
Write command to CAS lead time towr 20 — 2 — 2 — as 
Data-in setup time tos oO —-— 0 = OO — ns 12 
Data-in hold time tou 12 — 1S — 15 — ns 12 
WE to RAS setuptime tws oO — O — O — ans 
WE to RAS hold time  twH 10 — 10 — 10 — ans 
Mask data to RAS setup time tus o —- 0 — 0 — as 
Mask data to RAS holdtime tMH 10 — 10 — 10 — = as 
OE hold time referencedtoWE = togy 15 — 20 — 20 — = os 
Page mode cycle time tec 455 — 50 — 55 — ns 
TAS precharge time top - 7 — 10 — 10 — as 
TAS to data-in delay time topo 15 — 20 — 2 — ns 13 
Page mode RAS pulse width taasp -—=»« 70: 100000 80 100000 100 100000 ns 





HMS5316123 Series 





Read-Modify-Write Cycle 





HM5316123 

7 8 10 
‘Parameter Symbol Min Max Min Max Min Max Unit Notes 
Read-modify-write cycle time tawo 180 — 200 — 230 — ns 





RAS pulse width (read-modify-write cycle) tnyg 120 10000 130 10000 150 10000 ns 








CAS to WE delay time ttwo 40 — 45 — 50 — ns 14 
Column address to WE delay time tawp 60 — 65 — 70 — ns 14 
OE to data-in delay time topop 15 —- 20 — 20 — ans 12 
Access time from RAS trac —~ 70 — 80 — 100 ns 6,7 
Access time from CAS tcac — 20 ~— 20 — 2 ns 7,8 
Access time from OE toac — 20 — 20 — 2 ons 7 
Address access time tra — 35 —- 40 — 45 ns 7,9 


RAS to column address delaytime tpaan 15 35 15 40 15 55 ons 











Read command setup time tacs OF — oO —- Oo — ns 
Write command to RAS lead time tawL 20 — 20 — 2 — ns 
Write command to CAS lead time tw. 20 — 20 — 20 — = as 
Write command pulse width twp 12 — 15 — 15 — ns 
Data-in setup time tos o — oO —- 09 = ns 12 
Data-in hold time tou 12. 15 — 115 — ns 12 
OE hold time referenced to WE toczH 15 — 20 — 20 — = os 
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HM5316123 
-7 8 “10 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
CAS setup time (CAS-before-RAS refresh) ttsh 2910 — 10 — 10 — os 
CAS hald time (CAS-before-RAS refresh) toyp 10 — 10 — 10 — = os 
RAS precharge to CAS hold time tapc 10 — 10 — 10 — ons 





Flash Write Cycle, Block Write Cycle, and Register Read Cycle 














HM5316123 

7 8 -10 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
TAS to data-in delay time topo 15 — 2 — 20 — ons 13 
OE to data-in delay time tooo 15 — 20 — 20 — ns 13 
CBR Refresh with Register Reset 

HM5316123 

-7 8 -10 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
Split transfer setup time tsTs 20 — 20 — 2 — ns 
Split transfer hold time referenced to RAS task 70 — 80 — 100 — ns 





HM5316123 Series 

















Read Transfer Cycle 

HM5316123 

7 8 “10 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
DT hold time referenced to RAS tapH 60 10000 65 10000 80 10000 ns 
DT hold time referenced to CAS tcoH 20 — 20 — 2 — = as 
DT hold time referenced to column address tany 25 — 30 — 30 — ns 
DT precharge time tprp 20 — 20 — 30 — ~~ as 
DT to RAS delay time torn 60 — 70 — 8 — ns 
SC to RAS setup time tsps 15 — 20 — 30 — ns 
1st SC to RAS hold time tsaH 3970 — 80 — 100 — ns 
ist SC to CAS hold time tscy 25 — 25 — 25 — -ns 
ist SC to column address holdtime ts~ay 40 — 45 — 50 — ns 
Last SC to DT delay time ttpp 5S - 5 — 5 — ns 
1st SC to DT hold time ttoH «20 10 i183 15 ns 
DT to QSF delay time . tpap — 30 — 35 — 35 ons 15 
QSF hold time referenced to DT tooo 5 —- 5 — 5 — Ss 
Serial data-in to 1st SC delay time tszs oo — o — o — ns 
Serial clock cycle time tscc 2 — 2 — 30 — ns 
SC pulse width tsc 5 — 10 — 10 — ns 
SC precharge time tscp 10 — 10 — 10 — ns 
SC access time tsca «6 S20 oD 8S ns 15 
Serial data-out hold time tson 5S —- 5 — en ns 
Serial data-in setup time tsis 0 —- OO — oo — ns 
Serial data-in hold time tsi 15 — 15 — 16 — ns 


RAS to column address delaytime trap 15 35 15 40 1§ 55 ns 


Column address to RAS lead time tra 35 — 40 — 45 — ns 
RAS to QSF delay time trap — 70 =— 75 — 8S ns 15 
CAS to QSF delay time ttcop — 3 — 35 — 35 ons 15 
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Read Transfer Cycle (cont) 


















































HM5316123 

7 8 “10 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
QSF hold time referenced toRAS — tagy 20 — 20—- 25 — = ns 
QSF hoid time referenced to CAS togy 5 — 5 — 5 .— os 
Masked Write Transfer Cycle 

HM5316123 

7 8 -10 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
SC setup time referenced to RAS tsps 15 — 20 — 30 — = ons 
RAS to SC delay time tsrp 20 — 25 — 25 — os 
Serial output buffer turn-off time — tgrz 10 30 10 35 10 50 = ons 
referenced to RAS 
RAS to serial data-in delay time —tsip 30 —- 35 — 50 — 1s 
RAS to QSF delay time trap — 70 — 7% — 8 ns 15 
CAS to QSF delay time tcap — 3 — 3 — 35 ns 15 
QSF hold time referenced to RAS tagy 20 —- 20 — 25 — = os 
QSF hold time referenced to TAS tcqy 5 —- 5 — 5 — ns 
Serial clock cycle time tscc 2 — 28 — 30 — ns 
SC pulse width tsc 5 — 10 — 10 — ns 
SC precharge time tscp 10 — 10 —- 10 — ns 
SC access time tsca — 20 — 23 — 25 ons 15 
Serial data-out hold time ison a a a ee 
Serial data-in setup time tsis oo —- 0 — OO — ns 
Serial data-in hold time tsi 1s — 15 — 15 — ns 
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Split Read Transfer Cycle, Masked Split Write Transfer Cycle 
































HM5316123 

-7 8 “10 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
Split transfer setup time tstgs 20 — 20 — 25 — os 
Split transfer hold time referencedtoRAS tasr 70 — 80 — 100 — ns 
Split transfer hold time referencedtoTAS tegsr 20 — 20 — 25 — = os 
Split transfer hold time referenced tasT 35 — 40 — 45 — ns 
to column address 
SC to QSF delay time tsqp «26 Ss 30 — 30 — 30 ns 15 
QSF hold time referenced to SC tsgh «6CldS5ccl 5 — 5 — ons 
Serial clock cycle time tstc 25 — 28 — 30 — = ns 
SC pulse width tsc 5 — 10 — 10 — ns 
SC precharge time tscp 10 — 10 — 10 — ns 
SC access time tsca = S20 — 23 — 2 ns 15 
Serial data-out hold time tsoH 5 — 5 — 5 — ns 
Serial data-in setup time tsis oO — o — 0 — ns 
Serial data-in hold time tsi 15 — S$ — 15 — ns 


RAS to column address delaytime tran 15 35 15 40 15 55 ns 


Column address toRAS leadtime tay, 35 — 40 — 45 — = os 
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Serial Read Cycle, Serial Write Cycle 




















HM5316123 

-7 8 -10 | 
Parameter Symbol Min Max Min Max Min Max Unit Notes 
Serial clock cycle time ts¢g «225 iB Sis Ss ——S sons 
SC pulse width tsc 5 = 10 — 10 — ns 
SC precharge width tgcp 10 — 10 — 10 — ns 
Access time from sc tsca «6 C—O 20 8 Kis 8 
Access time from SE tsea = — S17 — 200 — «=—85 os 18 
Serial data-out hold time tson «65S ll 5 —- 5 =— ns 
Serial output buffer turn-off time tsuz — 18 —- 20 — 20 ns 5,17 
referenced to SE 
SE to serial output in low-Z tz Oo — O — O — ns 5,17 
Serial data-in setup time tsis oo — o — O — as 
Serial data-in hold time tsiH 15 — 15 — 1S — ns 
Serial write enable setup time ttws OF — o —- Oo — ns 
Serial wrtie enable hold time tswH 15 — 15 — 15 — ns 
Serial write disable setup time twwis 9 — oo — OO — ns 
Serial write disable hold time tsowih 15 — 15 — 156 — ns 





Notes: 


3 ON 


1. 


12. 
13. 


14. 


15. 
16. 


17. 


18. 


19. 
20. 


HM5316123 Series 


AC measurements assume ty = 5 ns. 

When taco > tacp (max) and tgan > trap (max), access time is specified by tcac or tag. 

Vin (min) and V\, (max) are reference levels for measuring timing of input signals. Transition 
time ty is measured between Vi and Vi. . 

Data input must be floating before output buffer is turned on. In read cycle, read-modify-write 
cycle and delayed write cycle, either tpz¢ (min) OF tpzo (min) must be satisfied. 

tore; (max), togfe (max), tgyz (max) and tg_z (min) are defined as the time at which the 
output acheives the open circuit condition (Voy - 100 mV, Vo, + 100 mV). This parameter is 
sampled and not 100% tested. 

Assume that taco s tacp (max) and trap < trap (max). If tacp or trap is greater than the 
maximum recommended value shown in this table, thac exceeds the value shown. 

Measured with a load circuit equivalent to 1 TTL loads and 50 pF. . 

When taco 2 tacp (max) and trap < trap (max), access time is specified by tc ac. 

When taco s tacp (max) and trap 2 trap (max), access time is specified by taa. 


. If either troy OF taay is satisfied, operation is guaranteed. 


When twos 2 twes (min), the cycle is an early write cycle, and /O pins remain in an open 
circuit (high impedance) condition. 

These parameters are specified by the later falling edge of CAS or WEU and WEL. 

Either tepp (min) or topp (min) must be satisfied because output buffer must be turned off by 
CAS or OE prior to applying data to the device when output buffer is on. 

When tawp 2 tawo (min) and tcwp 2 tcwo (min) in read-modify-write cycle, the data of the 
selected address outputs to an I/O pin and input data is written into the selected address. topp 
(min) must be satisfied because output buffer must be turned off by OE prior to applying data to 
the device. 

Measured with a load circuit equivalent to 1 TTL loads and 30 pF. 

After power-up, pause for 100 us or more and execute at least 8 initialization cycle (normal 
memory cycle or refresh cycle), then start operation. Hitachi recommends that least 8 
initialization cycle is the CBRR for internal register reset. This CBRR need not tgs and tas. 
When tgyz and tg_z are measured in the same Vcc and Ta condition and tr and tf of SE are 
less than 5 ns, tgy7 <ts_z +5 ns. This parameter is sampled and not 100% tested. 

When both WEU and WET go low at the same time, all 16-bits data are written into the device, 
WEU and WEL cannot be staggered within the same write cycles. 

After power-up, QSF output may be High-Z, so 1 sc cycle is needed to be Low-Z it. 

DSF2 pin is open pin, but Hitachi recommends it is fixed low in all operation for the addition 
mode in future. 








@ Timing Waveforms 


Read Cycle tRc 


trp 





RAS: 









eres ene 


f Valid Dout = Dout 
pepo et | aoe 








Valid Dout 
i. 


Sees 





Don't care 
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Fast Page Mode Read Cycle 


tre 









TEER 


tRCH 







Ot entre 
Rs 









ED 
EERE 









SFSRT 









A, SER SEI EIRORSETEN 
DSFl «6a ESN 
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HM5316123 Series 
Write Cycle 


The write cycle state table as shown below is applied to early write, delayed write, page mode write, and 
read-modify write. 


Write Cycle State Table 











RAS CAS. RAS RAS CAS 
DSF1 OSF1 WEU, WEL vo vO 
MNEU Cycle 
W1 W2 W3 W4 W5 
RWM Write mask (new/old) 0 0 0 Write mask"’ Valid data 
Write DQs to I/Os 
BWM Write mask (new/old) 0 1 0 Write mask’2, Column mask‘2 
Block write 
RW Normal write (no mask) 0 0 1 Don’t care’! Valid data 
BW Block write (no mask) 0 1 1 Don't care’2 Column mask’2 
LMR*4 Load write mask resister 1 0 1 Don'tcare Write mask data’3 
LCR’S Load color resister 1 1 1 Don'tcare Color data 





WEU, WEL| Mode ! \/O data/RAS 
| New , | | 


i Mask | Mask | 








Either | Mode | ! 
Low Persistent; Don't care 
Mask (mask register used)! 

| Mode | 





Both High| No mask | Don't care 





V/O Mask Data (In new mask mode) 
Low: Mask 
High: Non Mask 
in persistent mask mode, 1/O don't care 
2. Reference Figure 2 Use of Block Write. 
3. VO Write Mask Data 
Low: Mask 
High: Non Mask 
4. Column Address: Don't care 


32 








Early Write Cycle 


CAS” | 


tre 


tcre 






SET 












SOS EE ON 
ESR 
Panta atataaotavetet 





; RRR ESR OO se x, ON ERS nm x SERNA 
ORES RES aS seecneteene ane ESS 


W1 to W5: See Write Cycle State Table for the logic states. 
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Delayed Write Cycle 


RAS 








OTS 
trsr tRFH tFsc tCFH 









fl Bw OX we _X 


ee On ARR WKS 
Se ee Rn 





:Don't care 
Wl to W5: See Write Cycle State Table for the logic states. 
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tt er a NET PE 2 ESO A PFS STN SITE 
Fast Page Mode Write Cycle (Early Write) 


trac 
| trRasp trp 


tcrP 







CAS | 
tase | 
Address Soy 


Y oO 
Ce ee ee ee oe 


RAS) 
eae, 


put) Say 
















7 SST I SER Rt Ee Sees eee 
ni <emaaes : atorecenoee ocean Mechelen eiarates 50 
DT/OE trey © : Seer oan 






tFSc 






eeea - Don't care 





Wl to W5: See Write Cycle State Table for the logic states. 


Fast Page Mode Write Cycle (Delayed Write) 
tRC 











RAP 


AS 


CA 


—”n 


tase 
























LERROR Pues 


L Teeagnez | 
[isle (ali 


f ws 3 


etek! 
esetens 
Ntatece: 
oneees 
oie 





os 
senate, 


OK 
Address sxx 













REE WS Neemmnunn nos 


SAS N IT NRA ONNSS 
Se eee 





ees Cee TREN 
seaenetce 





tFSR 
ee x ENN ROMO Rte Sant 
DSF Boot wi SESS Ree 


Wl to W5: See Write Cycle State Table for the locgic states. FERS : Don't care 
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Read- Modify-Write Cycle 
| tawc 


trws trp 


2D. 
D> 
n 









=> 
[= pbs 
id [valid Dout § 
ee 
Anos 








RASS Rar Ree RS 


| WS Sees REkoes 


a (—trwi 

+-tooo +<——t we 
— +-—t SE 
rE a= a 





q Val 
asta 
oY Reece 


ob | ail 
Se a 


iddout 
hn hp 


Os 





tOEH 
tooo 
QT /OF RoSee RRO O 
ace YEE 
D S F l 0-8 6-4 Rote oO Seen OOOO) So Sooo 
Sees See Se ae SE 
:Don't care 





W1 to W5: See Write Cycle State Table for the logic states. 
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e RAS-Only Refresh Cycle 







SeMMPrereeerer 
2, enenee oe O 
oa eee 8 





SO ERR 
Sean 













eae eanan non aans 


Parana aeattaehatee 


WE: Don't care 
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TAS-Before-RAS Refresh Cycle (CBRN) 















tre 
trp | tRAS tap 
RAS q—trpc trec 
tcp > tCSR tcsr 
cas Font reling Vonston RR 



















OMS ERE os . 
AUS Bees = 








Note: SC:Don't care 


Hidden Refresh Cycle 


tec 1a ree 4 
| traS—————9| |¢—t ap-——> tRAS +——t RP 







aN 
eteer eis 


SS 


tRFH 






tFsR 
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CAS-Before- RAS Set Cycle (CBRS) 


trc 
tras tre 









4—trec—d/l¢—tese tcuRr— 


CAS” 








wie 
nhibit falling transition 2 





tASR 
Address = 


(A2-A6)* 


WEU, WEL 
1/0 
(Output) 


1/0 
(input) 


DT/OE 






EL fae oe 
rene 
















= eo “a aX 1, 
OSFl1 6 Rees 


‘a 
raarere.e.¥.9. 


Sn Sr 
<5 ce 
econo 


Note: AO, Al, A7:Don't care 
SC: Don't care 


CAS-Before-RAS Reset Cycle (CBRR) 


tre 
tap——__—» tRAS tre 





+—tcsr 










put) ae 
OSF1 See 
SC 
= Bj-3 Bj-2 oS Bj-1 Bj Yn 

Note: 1. Bi, Bj initiate the boundary addresses. BSGH Don't care 


2. Ym, Yn are the SAM start address in before SRT/MSWT. 
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Flash Write Cycle 


tre 
tRAS trap ————__—_» 





RA | 
tcre | trco 
eS 7 | 










everennepterere’ 


SS Sefetetererel 


een 











toTs [ tOTH 






SN oR 25 
om Ox ©, 
Reo Beran 


CESS 


re 


en ererer O10 OONLe OO Oe 


BS " tesr She I eK aN ede Ma Noh 


ne eee Ge 
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Register Read Cycle (Mask data, Color data) 


tras jt 
§ < 


yO 




































aN eine 






2 neem | Beres ee eeane nent ae 
Address Sees SOR EO 













Oe PERTH 
eres aeuerees 
4-tco0 
poe janie 
torF2 
ttOAc +-*000 





© 


I PMV 00; _i| ; 
CRE R MONAT RR 
: - | eee 2 | 
tors 


TERY Ree aneN 
OT/OE SRL ; tr eS ES 
PSR A! etREH tcrHS 


orl a, 
{ 


e. 
~ 





Note: 1. State of DSF1l at falling edge of CAS 





Accessed | Mask Data/Color Data 
Data (LMR) (LCR) 
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Read Transfer Cycle-1 


tre 
| tRAS trp 





RAS 








CA 


n” 










eye Addre sheen See Loci aeeateeted 





$$ 












RRO RQ eaaeens ROI OTIS nouatacetant 
IS ER ee 


ape NOOSA SOULE OO OD 


tad ey toro 
4——_—_—_—__—_——9>) |¢—_—_—_———_ > 
trRox#-——— seh totp-————> 








aS 
Or 


20.0. @. 
SSCS 





OSFl = - SS 


RRR SER 


aX 








-tScc tscc tsc tscc 
tsoo—9| ¢t SoH esse 
| TSCA ¢ tsca tsca> 
sox *SOH tSOH>| SOK 
0 P ptm, eae SOIT 





Previous Row—> _—New Row 


QSF SAM Address MSB SER 


v4: Don't care 
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Read Transfer Cycle -2 





SAM Address MSB 


:Don't care 
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Masked Write Transfer Cycle 


tre 
| tras tap 


RAS 


























ESSERE Sore TOR ST 
tSRD F 
+tscp tscmii¢tsce 

SC 
SI/0 
(Output) Valid 
51/0 ‘ 

SOH Se 
(Input) ue 
QSF SAM Address MSB 


tus tmH 





Note: 1. 1/0 Mask Data(In new mask mode) 
Low: Mask 
High: Non Mask 
1/0: don't care in persistent mask mode 
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Split Read Transfer Cycle 


RAS” 














CAS Rica 


DSR 


SP ENN, 


© IRONS oareceente rs t eats atatihs QT, 
Address Seeseueere use K ee 










WEU WE SRE ZR IN SS SEES SEER SESS SOE SEL SENSED 
WEU WEL Sees SR cece Rn 





IN Eanes Hi g h-Z 


I i 0 wes o. oe 
(Output) poorer 





aS ae | OR , é LO SO OO: ELS eee Sie 
Di/oe Ea ee SS a 














ROSSER Nar os 
os 


Syne 
RRO eae a OE ot IRSA ARGae oan OME NE ee 8 


*CST 
tast > 
trST 


ese 






tSTs 


ts¢ ay 
Bi*2 Ym*1 Ym+1 Y¥m+2 Bj-2 Bj-l "Bjta\ / Yi 
sca tsca | 
t 


SC 






| H tso 
———? 

r 

U 


0 EXE Valid \KS EA LG 
lr ofenes RIGS ‘2, 
tput)_“aneSout_KRBe “Sou EBX “Sous Ree 


put) tsqo—> 
tsou 


SAM Address MSB Kee 





“aeg : Don't care 


Notes: 1. Ym is the SAM start address in before SRT. 
2. Bi, Bj initiate the boundary address. 
3. A8: Don't care 
SAM start address can't set on the boundary address. 
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Masked Split Write Transfer Cycle 







t R C 
| Rio———— trp 
RAS 
tCSH 
tase -——————_> 
treo tcas 
a RS OR Oy 
CAS SS 
tCAH 
















AM Start’4+é& 
Address Yi #® 






DEN TET See 
WEU, WEL EReeSeNS 


o 





a iy a a 
——- SEE 
DT/OE ee 


joforeven 


<8 


a Se oe i I I Io I 









SEER TINS 
Nevhatehacatatotecececottutnciat eet doteeatnhet RS 
SESSe aan ae Roane 


SSS Oak NS OAK BS aK 










tscc——> 
tsc  tsce 


for 
Bj-2 Bj-1 


tsTs 








1/0 ae mp -_ . — 
(Input) — se & Be RRS ene RR na Se 


Notes: 1. Ym is the SAM start address in before MSWT. 

2. Bi, Bj initiate the boundary address. 

3. 1/0 Mask Data(In new mask mode) 
Low: Mask 
Hogh: Non Mask 
1/0: Don't care in persistent mask mode 

4. A8: Don't care 
SAM start address can't set on the boundary address. 
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Serial Read Cycle 
SE 


SC 





‘Output) valid Sout Js oe id Ey Valid 





Sereal Write Cycle 





tSwH tswIS tswIH tsws 
+> 
sc 
$1/0 z oe nee 
(Input) & FERRI ae SE 


ce -Don't care 
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Package Dimensions 


HM5316123 Series (FP-64DS) 


x 
C] 
z 
o 
oY 
°o 


HM5316123 Series 


Unit: mm 
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Section 3 


_ Frame Memory 


HM530281 


ADE-203-012C (Z) 


331,776-Word x 8-Bit Frame Memory 


HITACHI 


The HM530281 memory products provide 
completely asynchronous I/O and operate at the high 
speed of SO MHz. 0.8 tum CMOS process is used in 
their fabrication. 


The HM530281 memory products provide reset, 
jump, and line increment/hold pointer control 
functions that can be used in synchronization with 
independent clocks on each of the I/O ports. 
Memory can be accessed immediately without any 


waiting period after the execution of these functions. 


In addition to the FIFO function, the 281 products 
support an address structure that is compatible with 
HDTV, NTSC, and PAL standards, and can be used 
in a wide range of applications, such as noise 
reducers, TBC (time-based correction), inter-frame 
YC separation, and special function modes (e.g., 
multi-freeze, P-in-P) in the digital TV, VCR, and 
video camera application. 


They are also appropriate for use as inter-system 
speed conversion buffer memories in communi- 
cation systems, as cache memories of HDD and 
MOD and as frame buffer of VGA. 


oe 
Hitach? 
semiconductor 


——_ 


Rev. 3 
Feb. 1994 


Features 


(1) HM530281 
¢ Organization: 331,776 words x 8 bits 
* Completely asynchronous operation of the 
serial read port and write port 
— Internal generation of read and write addresses 
— Internal memory operation control provided 
on-chip 
« High speed read/write cycle time: 50 MHz 
¢ Reset functions 
— Independent execution for read and write ports 
— Can be executed with arbitrary timing 
— Allow immediate access after execution 
(read/write) (for the jump function, when 
the address setup is complete) 
— Jump address specifiable in 32-word units 
¢ Built-in self-refresh eliminates the need for 
external refresh contol. 


_¢ Power supply voltage: Vcc = 5.0 V 10% 


¢ 2dimensial Address 
¢ 32 word unit address jump 
¢ Line incremenvhold Address pointer control 
function 
* Window scan function 
« Can handle HDTV, NTSC, and PAL standards 
— Line length: Up to 1152 hits (arbitrary line 
lengths can also be handled by using the 
line reset function.) 
— Line count: Up to 324 lines 
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Ordering Information 





Product Number Cycle Time Memory Organization Package 
HM530281 TT-20 20 ns 331,776 words x 8 bits*! 44-pin TSOP 
-25 25 ns 1152 dots x 288 lines x 8 bits*2 
-34 34 ns 1024 dots x 324 lines x 8 bits 
45 45 ns 





Selectable tollowing two kinds of addressing mode by mode pins. 


Notes: 1. 1 dimensional addressing mode 
2. 2 dimensional addressing mode 


Pin Arrangement 


O 


1 
2 
3 
4 
5 
6 
7 
8 


(Top view) 
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Pin Functions 


Pin Functions 






























































Symbol 2 Dim.add. 1 Dim.add. 

Dyn0 to Din7 Data input Data input 

Dour? to Dout7 Data output Data output 

WCK Write clock Write clock 

RCK Read clock Read clock 
WRS Write reset Write reset 

RRS Read reset Read reset 

WE Write enabie Write enabie 

OE Output enable Output enable 
CGW Write clock gate Write clock gate 
CGR Read clock gate Read clock gate 
WAS . Write address set Write address set 
WAD Write address Write address 
RAS Read address set Read address set 
RAD Read address Read address 
WLRS Write line reset Vec or GND 
RLAS Read line reset Vee or GND 
WWND Write window mode Vec or GND 
RWND Read window mode Vec or GNO 
WCLR Write clear Vec or GND 
RCLR Read clear Vee or GND 
MODE Oto1 Mode selection input Mode selection input 
Vec Power supply Power supply 
Vss Ground Ground 

TESTO to TEST3 Connect to ground Connect to ground 





Ww 
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Block Diagram 


Ow 
(Oata input) 


Memory array 


152 dot «288 ine x6"? 
024 aot x 324 tine xen 
0368 dot x32 word x 8 


32-word 


x 8 


32-word 


Oour 
(Data output) 


z 
2 
6 
3 
8 
4 


Read 
counter 


Write data register 


Read data register 


WE O 
(Write enabie) 


O OF 
(Output enable) 


(We clock) (Read clock) 


Memory 
comroiier 


(Write clock gate) (Read clock gate) 


(Write reset) (Read reset) 
© RAS 

(Read address jump) 
OQ RAD 


(Write address jump) 


(Write line reset) O ALAS (Read line reset) 
RWND 
(Read window mode) 
RCLR 


(Write window mode) Note: Selected by the mode pin 
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Absolute Maximum Ratings 














Item Symbot . Rating Unit 
Pin voitageNote Vy -1.0 to +7.0 V 
Power dissipation Pr 1.0 WwW 
Operating temperature 5 a 0 to +70 °C 
Storage temperature T stg —55 to +125 °C 
Storage temperature (when biased) Ties -10 to +85 °C 





Note: The permissible values with respect to Vss. 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 














item Symbol Min Typ Max Unit 

Power supply voitage Vee 4.5 5 5.5 Vv 
Vss 0 0 0 V 

Input voltages Vin 2.7 _ 6.5 Vv 
Viv —O.SNote — 0.6 Vv 





Note: When the pulse wicth is under 10 ns, Vi. min = -3.0 V. 


DC Characteristics (Vcc = 5.0 V = 10%, Vss =0 V, Ta = 0 to +70°C) 


HMS530281-20 HM530281-25 HM530281-34 HM530281-45 Test 
Item Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit Conditions 






























Operating Iccgg «= — «110 185 — 90 120 — 70 95 — 55 75 mA Igy =O, 
power : : twee = tace = Min 
supply 

voltage 

Standby Iccg — 15 25 — 15 25 — 15 25 — 15 25 mA 

power 

supply 

voltage 

Input lu -10— 10 -10— 10 -10 — 10 -10— 10 mA Voew5.5V, 
leakage Vin = Vsg to Veco 
current 

Output lo -10— 10 -10— 10 -10 — 10 -10— 10 mA OE=Vy 
leakage — Vout = Vss t0 Vec 
current 

Output Vv — — 04 — — 04— — 04 — — 04 V lo, = 2.1 MA 
voltages Voy 24— — 24— — 24 — — 24— — V lon = -1.0 mA 
Capacitances 

Item Symbol Typ Max Units Test Conditions 
Input capacitance Cin _ 5 pF Vin 2 OV 

Output capacitance Cout ~ 7 pF Vout = 0 V 





Note: These parameters are sampled values, not values measured for all units. 
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AC Characteristics 
Test Conditions 


Input pulse level: Vss to 3.0 V 

Input rise/fall umes: 3 ns 

V/O timing reference level: 1.5 V 

Output load: 1 TTL + 50 pF (including jig and scope capacitances) 


HMS530281-20 HM530281-25 HM530281-34 HM530281-45 



































Item Symbol Min Max Min Max Min Max Min Max Unit 
Write clock twee 200: — 25 _ 34 — 45 _ ns 
cycle time 

Write clock twe 8 —_ 10 _ 12 _ 15 _ ns 
pulse width (high) 

Write clock twep 8 _ 10 _ 12 _ 1S _ ns 
pulse width (low) 

WRS twas 8 — 8 _ 10 _ 10 _— ns 
setup time 

WRS twrH 7 _— 8 — 10 _ 10 —_— “ons 
hold time 

Data input tos 5 _ 5 _ 5 _ 5 _ ns 
setup time 

Data input tou 6 _ 6 _ 6 ~ 6 —_ ns 
hold time 

CGW twes 7 _ 8 _ 10 _ 10 - ns 
setup time 

CGW tWGH 7 _ 8 _ 10 —_ 15 _ ns 
hold time 

WE setup time twes 5 _ 5 —_ 5 —- § —_ ns 
WE hold time tweH 6 —- 6 — 6 — 6 _ ns 
Read clock tace 20 — 2 — 34 — 45 — ns 
cycle time 

Read clock tac 8 _ 10 _ 12 =— 15 _ ns 
pulse width (high) 

Read clock tacp 8 _ 10 —- 122 — 15 _ ns 
pulse width (low) 

RRS tars 7 _- 8 = 10 _ 10 _ ns 
setup time . 

RRS tarAH 7 _ 8 _ 10 _ 10 _— ns 
hold time 

Access time trac -_ 18 _ 23 - 25 _ 35 ns 
from RCK 

Output ton 6 _ 6 - 6 _ 6 _ ns 
hold time 
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AC Characteristics (cont) 
HM530281-20 HM530281-25 HM530281-34 HM530281-45 













































































Item Symbol Min Max Min Max Min Max Min Max Unit 
Output touz 0 _ 0 _ 0 _ 0 —_ ns 
enable time 

Output enable toac ~ 18 —_ 20 _ 25 _ 25 ns 
access time 

Output tonz 0 15 0 18 0 20 0 20 ns 
disable time 

CGR tres 7 _ 8 — 10 _ 10 _ ns 
setup time - 

CGR tacH 7 ~_ 8 _ 10 ced 10 _ ns 
hold time 

WAS twss 7 _ 8 _ 10 _ 10 _ ns 
setup time 

WAS twsH 7 _ 8 _ 10 _ 10 _ ns 
hold time 

RAS tass 7 _ 8 _ 10 _ 10 _ ns 
setup time 

RAS tasy 7 _ 8 _ 10 —_ 10 _ ns 
hold time — : 

Write address twas 5 — 5 _ 5 _ 5 _ ns 
input setup time 

Write address - twa 6 _ 6 _ 6 _ 6 — ns 
input hold time 

Read address tras 5 - 5 _ 5 _ 5 _ ns 
input setup time 

Read address taaH 6 _ 6 _ 6 — 6 _ ns 
input hold time 

WLRS setup time twis 7 — 8 — 1o — 10 _ ns 
WLRS hold time tWLH 7 _ 8 = 10 _ 16 _ ns 
RLRS setup time tats 7 _ 8 _ 10 — 10 — ns 
RLRS hold time taLH 7 _ 8 _ 10 _— 10 _ ns 
WCLR setup time twes 7 —_ 8 _ 100 = 10 — ns 
WCLR hold time tWeLH 7 _ 8 _— 10 — 100 = ns 
RCLR setup time tracts i — 8 - 10 — 10 — ns 
RCLR hold time tacLH 7 - 8 _ 10 — 10 = ns 
WWNOD setup time twwos 7 - 8 _— 10 _ 10 _ ns 
WWND hoid time twwoH 7 _ 8 — 10 _ 10 _ ns 
RWNOD setup time tawos 7 - 8 _ 10 — 10 = ns 
RWNOD hoid time tawoH 7 _ 8 _ 10 _— 10 _ ns 





N 
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Input and Output Pin Functions 
Dyx0 to Djy7 (data input) Input 


The Dry pins input 8 bits of data. Data is input on 
the rising edge of the cycle of WCK that follows a 
low level on both CGW and WE. 


Dour? to Dour? (data output) Output 


The Dour pins output 8 bits of data. Data output 
is synchronized with the RCK clock, and the 
access time is specified from the rising edge of the 
RCK cycle. 


WCK (write clock) Input 


WCK is the write clock input pin. The input of 
write data is synchronized with this clock. 


Write data is input on the rising edge of the cycle 
of WCK that follows a low level on both CGW 
and WE, and when CGW is low, the internal write 
address pointer is incremented at the same ume. 


Input of the write jump address is also 
synchronized with this clock. The 14 or 15 bits of 
the write jump address are read in sequentially 
from the WCK cycle that set WAS low, 
irrespective of write data acquisition. 


RCK (read clock) Input 


RCK is the read clock input pin. Read data is 
output in synchronization with this clock when 
both CGR and OE are low, and when CGR is low, 
the internal read address pointer is incremented at 
the same time. 





Input of the read jump address is also synchronized 
with this clock. The read jump address is read in 
sequentially starting at the RCK cycle in which 
RAS was set low, independently of read data 
output. 


WRS (write address pointer reset) Input 


WRS is a reset signal input that resets the write 
address pointer to 0 when WAS and WLRS are 
high, resets to the head of the line currently being 
written when WAS is high and WLRS is low, 
and jumps to the preset write jump address when 


WAS is low. Soe 


Only the falling edge of this reset input is detected, 
and, on the first WCK cycle following that falling 
edge, a write cycle to the set address is started 
immediately. 


Note: The reset destination in window scan mode 
changes as follows: 


Reset to 0 — Reset to the window start. 

Reset to line start — Reset to the point at the left 
edge of the window for the 
line. 


RRS (read address pointer reset) Input 


RRS is a reset signal input that resets the read 
address pointer to 0 when RAS and RLRS are 
high, resets to the start of the line currently being 
read when RAS is high and RLRS is low, and 
jumps to the read jump address when RAS is 
low. Note 





Only the falling edge of this reset input is detected, 
and, on the first RCK cycle following that falling 
edge, a read cycle at the set address is started 
immediately. 


Note: The reset destination in window scan mode 
changes as follows: 


Reset to 0 — Reset to the window start. 

Reset to line start — Reset to the point at the left 
edge of the window ior ihe 
line. 


WE (write enable) Input 


WE is an input signal that controls the 
enabling/disabling of the data input pins. When 
WE is low, input data is acquired on the WCK 
cycle, and when WE is high, data input is disabled 
and the previous memory data is maintained. 


Note that the write address pointer is incremented 
by the WCK write clock without regard for the 
level of WE. 
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OE (output enable) Input 


OE is an input signal that enables/disables the data 
output pins. When OE is low, data output is 
enabled, and when high, data output is disabled 
and the output pins go to the high impedance state. 


Note that the read address pointer is incremented 
by the RCK read clock without regard for the level 
of OE. Therefore, data can be jumped over during 
read simply by disabling output with OE. 


CGW(clock gate for write) Input 





CGW is an input signal that enables/disables 
incremenung of the internal write address pointer. 
When CGW is low, the write address pointer is 
incremented in synchronization with the WCK 
write clock, and when high, incrementing is 
stopped. Therefore ume axis compression can be 
easily implemented without stopping the write 
clock by using CGW. 


CGR(clock gate for read) Input 


CGR is an input signal that enables/disables 
incremenung of the internal read address pointer. 
When CGR is low, the read address pointer is 
incremented in synchronization with the RCK read 
clock, and when high, incrementing is stopped. 
Therefore time axis expansion can be easily 
implemented without stopping the read clock by 
using CGR. 


WAS (write address set and jump) Input 


WAS is an inpui signai ihat initiaies write jump 
address input when WRS is high and jumps to the 
previously input write jump address when WRS is 
low. The falling edge of this input signal is 
detected, and either a write jump address input is 
initiated or a jump to the previously input write 
jump address is executed on the first WCK cycle 
following the fall of WAS. 


WAD (write jump address) Input 


WAD is the input pin for the write jump address. 
The 14/15 bits of the write jump address are read 
in sequenually from the high order bit, starting at 
the WCK cycle (when WRS was high) in which 
WAS was set low,.Noe 


RAS (read address set and jump) Input 


RAS is an input signal that initiates read jump 
address input when RRS is high and jumps to the 
previously input read jump address when RRS is 
low. The falling edge of this input signal is 
detected, and either the read jump address input is 
initiated or the jump to the previously input read 
jump address is executed on the first RCK cycle 
following the fall of RAS. 


RAD (read jump address) Input 


RAD is the input pin for the read jump address. 
The 14/15 bits of the wnte jump address are read 
in sequentially from the high order bit, starting at 
the RCK cycle (when RRS was high) in which 
RAS was set low. Note 


Note: 
Addressing Address Input 
Mode Structure Address 
1 dim. add. 0 to 10,367 blocks Address bits Ay 
(FIFO) to Ag 
2dim.add. 32 horizontal Line address 
(1) blocks by 324 bits Vg to Vo, 
vertical lines honzontal address 
bits H, to Ho 
2dim.add. 36 horizontal Line address 
(2) blocks by 288 bits Vg to Vo, 
vertical lines horizontal address 
. bits Hs to Ho 





Note: For 2 dim. add., read jump and read window 
Starting point setup are available only for 
the read jump address of which horizontal 
address is “O”. 


WLRS (write line reset) Input 
(in 2 dimensional addressing mode) 


WLRS is an input pin for resetting the write 
address pointer to the start of the line from an 
arbitrary dot for each line.Note Only the falling 
edge of this signal is detected, and, on the first 
WCK cycle following that falling edge, the wnte 
address pointer is set to the head of the next line 
when WRS is high, and to head of the current line 
when WRS is low.Note 
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Note: When window scan mode is set. the reset is 
to the point at the left edge of the window 
for the line. 


RLRS (read line reset) Input (in 2 dimensional 
addressing mode) 


RLRS is an input pin for resetting the read address 
pointer to the start of the line from an arbitrary dot 


for each line.Note Only the falling edge of this. 





signal is detected, and, on the first RCK cycle 
following that falling edge, the write address 
pointer is set to the head of the next line when RRS 
is high, and to head of the current line when RRS 
is low,Note 


Note: When window scan mode is set, the reset is 
to the point at the left edge of the window 
for the line. 


WWND (write window scan) Input 
(in 2 dimensional addressing mode) 


WWND is an input signal that specifies the use of 
the window scan function. When executing a write 
jump with WRS and WAS low, if WWND is set 
low at the same ume, a scan of the window region 
that takes that write jump address as its starting 
point will begin (see note below). 


RWND (read window scan) Input 
(in 2 dimensional addressing mode) 


RWND is an input signal that specifies the use of 
the window scan function. When executing a read 
jump with RRS and RAS low, if RWND is set low 
at the same ume, a scan of the window region that 
takes that read jump address as its starting point 
will begin.Note 


Note: When window scan is set, the horizontal 
address of the pointer reset destination when 
incremenvhold is executed will be the left 
edge of the window. Also, when a 
write/read reset is executed, the pointer will 
be reset to the starting point of the window. 
Thus it is possible to scan arbitrary window 
regions within the screen independently for 
read and wnite by using these line reset and 
reset functions. 


Starting point of read window is confined to the 
address of which horizontal address is ‘0’. 


WCLR (write clear) Input 


WCLR is an input signal that, independently of the 
levels on WRS, WAS, WLRS and WWND, resets 
the write address pointer to 0 and clears the 
window scan function. This function is executed 
immediately in the WCK cycle in which WCLR 
was set low. This clear operation should also be 
performed after applying power to the HM530281. 








RCLR (read clear) Input 


RCLR is an an input signal that, independently of the 
levels on RRS, RAS, RLRS and RWND, resets the 
read address pointer to 0 and clears the window 
scan function. This function is executed 
immediately in the RCK cycle in which RCLR was 
set low. This clear operation should also be 
performed after applying power to the HM530281. 
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Memory Structure 


The memory is organized as 331,776 words of 8 bits | corresponding to 32 word blocks. 

each, and these words can be accessed sequentially, 

since the address pointer can be incremented by The mode pins switch between the three 
inputting a clock signal. Addresses are allocated addressing modes shown below. 





ModeQ #Mode1 Addressing Mode Address Structure 








Capacity 
0 0 1 dim. add. (FIFO) Oto 10,367 blocks 331,776 words 
1 0 2 dim. add. (1) 32 horizontal blocks by 324 1024 dots by 324 lines 
vertical lines 
0 1 2 dim. add. (2) 36 horizontal blocks by 288 1152 dots by 288 lines 
vertical lines 





In 1 dimensional addressing mode, blocks 0 to 10367 are accessed cyclically. 
in the 2 dimensional addressing modes, the line head can be reset at an arbitrary dot on each line. 
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Operations 
Write 


¢ Write operation 

When the WE and CGW inputs are low, 8 bits 
of write data are input in synchronization with 
the WCK clock. The input data is read in to 
the word indicated by the address pointer on 
the next nsing edge of the WCK cycle. This 
allows read data and wnie data to be handled 
with the same clock, and cascade connections 
to be easily implemented. 


* Write reset operations 
When CGR is ‘L’, by setting WRS low, the 
write address pointer can be set immediately on 
that WCK cycle to the address 0 block head. 


This operation can be e. executed independently 
of the input level of WE. (See ‘Notes on usage 
6’ on the operation when CGW = ‘H’) 


¢ White address pointer increment operations 
The write address pointer is incremented in 
synchronization with WCK when CGW is low. 


It is possible to apply a write mask in WCK 
clock units by setting the WE input high. In 
this case, the previous memory data will be 
retained. The wmnite address pointer increment 
function can be stopped by setting the CGW 
input high. This allows ume axis compression 
to be implemented easily. (See ‘Notes on usage 
3 and 4° for interval specifications of write 
system reset operations) Ne 





Note: The write system reset operation stands for 


WE and CGW Input Level, Write Address 
Pointer, and Data Input State Relationship. 


WCK Rising Edge 


Internal Write 
CGW WE Address Pointer Data Input 
L L Incremented Enable 
L H Disable 
= (memory data 
i Stopped is retained) 


Data is input when the WE input is low. 


write reset, write window reset, wnite line 
reset, write jump and write clear. 


Read 


¢ Read operation 
8 bits of read data are output _in synchronization 
with the RCK clock when the OE and CGR i inputs 
are low. The access time is stipulated from the 
rising edge of the RCK clock. 


* Read reset operations 
When CGR is ‘L’, by setting RRS low, the read 
address pointer can be set immediately on that 
RCK cycle to address 0 and data will then be 
output. 


This operation can be performed independently 
of the input level of OE. (See ‘Notes on usage 
5’ on the operation when CGR = ‘H’) 


* Read address pointer increment operations 
The read address pointer is incremented in 
synchronization with RCK when CGR is low. 


Data outputs go to the high impedance state 
when the OE input is set high. The read 
address pointer increment function can be 
stopped by setting the CGR input high. This 
allows ume axis expansion to be implemented 
easily. (See ‘Notes on usage 2” for interval 
specifications of read system reset 
operations Note 


Note: The read system reset operation stands for 
read reset, read jump, read window reset, read 
line reset and read clear. 


Relation Between the OE and CGR Input 
Levels and the Read Address Pointer and Data 
Output States. 


RCK Rising Edge Internal Read 


CGR OE _ Address Pointer Data Output 

L L incremented Output 

L H High impedance 
H L Stopped Output data held 
H H High impedance 


Data is output when the OE input is low. 
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Line Reset (independent functions for read and 
write, in 2 dimensional addressing modes) 


When the 281 series products are used in 2 
dimensional addressing modes, the line length can 


be set to be either 1024 dots (2 dimensional (1)) or . 


1152 dots (2 dimensional (2)). In these modes, 
after accessing the data at the last dot (address) on 
each line, address pointer incrementing is stopped. 
Access is restarted at either the first dot at the head 
of the next line or at the first dot at the head of the 
current line by executing either a line increment or 
a line hold, respectively. Also, since these line 
reset operations can be executed at any arbitrary 
point in the middle of a line, an arbitrary line 
length (of between 64 dots and the actual line 
length) can be realized. 


¢ Lineincrementoperaion 

In case clock gate signal (CGW, CGR) is ‘L’, 
the read and write line increment operations are 
executed by setting RLRS low and RRS high, 
and setting WLRS low and WRS high 
respectively. When these operations are 
executed, the next access goes immediately to 
the starting dot of the next line. 


* Line hold operation se 

In case clock gate signal (CGW, CGR) is ‘L’, 
the read and write line hold operations are 
executed by setting RLRS and RRS low, and 
setting WLRS and WRS low respectively. 
When these operations are executed, the next 
access goes immediately to the starting dot of 
the current line. Note that the read line hold 
operation is invalid on the first line following 2 
O reset or jump. In this case, the same effect 
can be achieved by re-executing the reset or 
jump operation (resetting only the H address to 
0). 








If the reset interval specifications are met (see 
Notes on Usage 1 to 3), the line resetNote 
operation can be performed on an arbitrary 
RCK/WCK clock cycle without regard for the 
levels of the OE, WE, and inputs. (See Notes 
on usage 6, 7 for the operation when clock gate 
signal (CGW, CGR) is ‘H’.) 





Note: The line reset operation stands for write line 
hold, write line increment, read line hold 
and read line increment. 


Jump (independent functions for read and 
write) 


It is possible to set the address pointer to the start 
address of an arbitrary block in 32 word units,Note 
After initializing a jump address setup for read 
and/or write, after 64 WCK or 64 RCK cycles, it is 


. possible to execute a jump to that address (random 


access in 32 word by 8 bit units) independently for 
read and write. 


Note: As for the read jump, in 2-dim add, read 
jump address is confined to the address of 
which honzontal address is ‘0’. 


Jump to the line end block is inhibited. (See 
‘Notes on usage 5’ for jump operation to ‘0’ 
address) 


¢ Jump address setup 

The read and write jump addresses are serially 
input independently from the RAD and WAD 
pins in synchronization with the RCK and 
WCK clock inputs respectively. Address input 
start is enabled by setting the RAS and/or WAS 
inputs low for read and write respectively, and 
14/15 bits of jump address are input 
sequentially starting with that cycle.Noe Note 
that the read and write operations can: continue 
independently of this address input operation. 


+ Jump address setup is executed regardless of 
the input level of WE, CGW and OE, CGR. 


Note: 

Addressing Address Input 

Mode Structure Address 

1 dim. add. 0 to 10,367 Address bit Aig 

(FIFO) blocks to Ao 

2dim. add 32horizontal Line address bits 

(1) ; blocks by 324 Vz, to Vo, horizontal 
vertical lines address bits H, to Hy 

2dim. add. 36honzontal Line address bits Vz 

(2) blocks by 288 to Vo, horizontal 
vertical lines address bits H, to Hy 
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Following the start of address input, it is possible 
to mask the input of address bits below an 
arbitrary bit position by rewming RAS or WAS 
to the high level at the desired bit posiuon. This 
can be convenient in applications that need to 
jump a fixed interval, since the low order bits of 
the address will be fixed. When all 14 bits of an 
address are to be input, be sure to hold RAS and 
WAS low for the full 14-clock period. 


¢ Jump operaton 

In case clock gate signal is ‘L’, the jump 
operation is executed by setung RRS and RAS 
low for read, and by setting WRS and WAS low 
for write, and the address set is accessed 
immediately from that RCK or WCK cycle. 
Note that as long as the interval specifications 
listed in Notes on Usage 1 to 4 are met, the jump 
operation can be executed on any RCK or WCK 
cycle without regard for the values of OE on 
read, and WE on write. (See ‘Notes on usage 5 
and 6° on the operation when clock gate signal 
(CGW, CGR) is *L’) 


Window Scan (independent functions for read 
and write) 


The window scan function can be used with either 
the 2 dimensional (1) or (2) addressing modes, and 
is a function which scans a rectangular region with 
an arbitrary starting point\e, The jump address 
setup funcuon (see Jump address setup above) is 
used to specify the starting point 


Note: Starting point of read window is confined to 
the address of which horizontal address is 
‘0’. 


¢ Initiating window scan 
When clock gate signal is ‘L’, the window scan 
function is started by setting WWIND to low 
for write or RWIND low for read, and 
executing a read or write jump 


operation (see Jump operation above). 
Window scan will start immediately from that 
cycle. 


¢ Window scan operation 
When clock gate signal is ‘L’, one of the 
window scan funcuons described below will be 
executed independently for read and write, Note 


Also note that as long as the interval conditions 
listed in Notes on Usage 1 to 3 are met, these 
operations can be executed at arbitrary dots 
without regard for the address block 
organization. 





Operation Address Pointer Control 

Reset Reset to the first dot at the start of 
the window. 

Line Reset to the first dot at the left edge 

increment of the window on the next line. 

Line hold Reset to the first dot at the left edge 


of the window on the current line. 


Note: For a starting point, minimum window size 
can be scanned, is 64 dots x 1 line. 


¢ Clearing window scan 
The window scan function is tumed off either 
by executing a reset or jump with RWIND (for 
read) or WWIND (for write) set high, or by 
executing the clear operation described in 
secuon Clear below. 


¢ Both setting and clearing window scan mode 
are executed independently of OE and WE. 
(See ‘Notes on usage ! and 2’ for the operation 
when clock gate signal (CGW, CGR) is ‘H’) 
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* Overview of the window scan operation 


Horizontal (dots) __- 1023 (1151) 
Horizontal address (H) 31 (35) 


First point of the screen 


First point of the window 
Window area 


(M+m, N +n) 


323 
(287) 3 oa : 
Note: Mand N are addresses, M is in line units, N is in units of 32 
dots, and m and n are in line and dot units respectively. 
For read window, N is confined to ‘0’. 





e Starting and clearing window scan 





HO45 13.1-1 





Cycle N - 1 Cycle N aa 0 Cycle 1 Cycle 2 
WRS 
WAS tos| tov 





Din 


1§ 
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Clear (independent functions for read and 
write) 


The clear function both resets the address pointer 
to 0 without regard for the value on WRS, WAS, 
WLRS, WWND, RRS, RAS, RLRS and RWND. 


If window mode is set, this clears window mode. 
¢ Clear Operation 
When clock gate signal (CGW or CGR) is ‘L’, 


the clear operation can be executed by setung 
the RCLR pin low for read (read clear) and the 
WCLR pin low for write (write clear). The 
data input following a write clear is valid data. 
If the interval conditions listed in Notes on 
Usage 1 to 3 are met by the operations 
including the clear operation, then the data 
preceding the clear operation will also be valid 
data. 


Access of New and Previous Data 


¢ New data access (follow-up read out of data 
currently being written) 
Written data of 32 word block can be read out 
128 WCK cycles after it was written. 
However, it is necessary to execute the read 
jump address setup operation outside the time 


period between 32 WCK cycles before wnite to - 


that address is started and 32 WCK cycles 
after write to that address is completed. 


— It is also possible to read out the new data 
of 32 word block when jumping to an 
address at least 128 WCK clock cycles 


after write to that address was finished. 


Note that in this case, there is more than 
enough time for the read jump address 
setup operation even if it is begun 32 or 
more clock cycles after the completion of 
the write operation. 


— It is possible to read out the new data of 
less than 32 word block when 128 WCK 
clock after write system reset was input. 


At least 96 WCK clock are necessory between 
completion 32 word block data input and starting 
previous address of 32 word block data output. 
Generary this mean, 160 WCK clock separation 
between wnite and read Address pointer. 


¢ Previous data access (reading out data prior to 
that of the current write operation) 
The previous data can be read out up to 32 
WCK clock cycles after the write operation. 


Therefore, these memories can be used to 
provide delay times of between 160 and 
331,808 (331,776 + 32) clock cycles. 


Power On 


Wait at least 100 us after power-on to begin 
operation. At this time the write and read address 
pointers are undefined. 


The following operation should be executed. 


¢ CGW and CGR should be hold low. 

* Reset cycle when 1 dimensional addressing 
mode. 

¢ Clear cycle when 2 dimensional addressing 
mode. 

¢ Dummy cycle of over 64 WCK and 64 RCK 
clock cycle. 

Then, initiate the desired operating mode by 

providing the signal input combination given by 

the truth tables below. 
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Function TableNote 


1 Dimensional Addressing Modes 





























* Write 
WCK Rising Edge 
WRS WAS Operation 
H H Normal state In the normal state, the write address pointer is incremented in 
: synchronization with WCK. 
H Reset The write address pointer is reset to 0. 
L L Jump Jump to the address A to which the write address pointer is set. 
L Address setup The write jump address is input. 
« Read 
RCK Rising Edge 
RRS RAS Operation 
H H Normai state in the normal state, the read address pointer is incremented in 
synchronization with RCK. 
L H Reset The read address pointer is reset to 0. 
L L Jump Jump to the address A to which the read address pointer is set. 
H L Address setup The read jump address is input. 





Note: Description of operations of function table is based on the operation on condition CGW, WE and 
CGR, OE is ‘L’. 


—_ 
ba | 
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2 Dimensional Addressing Modes (when window scan is not used) 





























e Write"! 
Operation . 

Levels at the Rise of WCK Write Address Write Jump 

WRS WAS WLRS WWND WCLR Pointer Control Address Notes 

H H H H H Normal state —_ incremented in ota *2 
synchronization with WCK 

L H H H H Reset Reset to (0, 0) ~ 

L L H H H Jump Jump to the set addressA — 

H L H H H Address set _— Set 

H H L H H Line increment Reset to the first bit of — *2 
the next line 

L H L H H Line hold Reset to the first bit of _ *2 
the current line 

_ — — _ L Clear Reset to (0, 0) _ 





(—: Don't care) 


Notes: 1. Hold the WWND pin high when window mode is not used. 
2. The write address pointer is incremented up to the last dot on the current line, and then stopped. 
Writing is started immediately from the first dot on the next line by execution of the line increment 
operation. Also, writing is started immediately from the first dot on the current line by execution of 





x 




















the line hold operation. 

* Read*! 
Operation 

Levels at the Rise of RCK Read Address Read Jump 

RRS RAS RLRS RWND' RCLR Pointer Control Address Notes 

H H H H Normal state incremented in _ *2 

synchronization with RCK 

L H Ha H H Reset Reset to (0, 0) 

L L H H H Jump Jump to the set address _ 

H L H H H Address set _—. . Set 

H H L H H Line increment Reset to the first bit of _ *2 
the.next line 

L H L H H Line hold Reset to the first bit of _— “2 
the current line 

_ - _ _ L Clear Reset to (0, 0) — 

(—: Don't care) 


Notes: 1. Hold the RWND pin high when window mode its not used. 

2. The read address pointer is incremented up to the last dot on the current line, and then stopped. 
Reading is started immediately from the first dot on the next line by execution of the line increment 
operation. Also, reading is started immediately from the first dot on the current line by execution of 
the line hold operation. 
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2 Dimensional Addressing Modes (when window scan is used) 





























° Write 
Operation 
Write Address 
Pointer Control 

Window Window Write Window 
Levels at the RiseofWCK — Mod Mode Jump Mode after 
WRS WAS WLRS WWND WCLR Off On Address Execution Notes 
LH HH H Reset __ Reset to (0, 0) _ Ott 
H H H —_ H Normai state Incremented in _ _ “1 

synchronization with 

WCK 
H H L _ H Line increment To the To the left _— — 

first bitof edge of the 

the next line window on 

, the next line 

L H L —_ H Line hold To the To the left — _— 

firstbitof edge of the 

the current window on 

line the current 

line 

H L H —_ H Addressset — Set —_ 
L L H H H Jump Jump to the set addressA — Off 
L L H L H Window jump Jump to the set addressA  — On *2 
Ll eH 4H L H Window Reset Reset to the window = = 

origin point A 
_-_ —_-_ — — L Clear Reset to (0, 0) —_ Off 


(—: Don't care) 


Notes: 1. The write address pointer is incremented up to the last address on the line, and then stopped. Writing 
is started immediately from the first dot on the next line or the left edge of the window by execution of 
the line increment operation. 

2. ttis possible to move directly from an old window to a new window in window mode by setting up 
a new jump address and executing a window setup jump operation. 
However, the new jump address should be input after access to the last line of the old window. 





HM530281 

















* Read 
Operation 
Read Address 
Pointer Control 
Window Window Read Window 
Levels at the Rise of RCK Mode Mode Jump Mode 
RRS RAS RLRS RWND RCLR Off On Address Execution Notes 
L H H H H Reset Reset to (0, 0) — Ott 
H H H _ H Normal state incremented in _ — “1 
synchronization with 
RCK 





H H L — H Line increment To the To the left _ — 
first bit of edge of the 
the next line window on 




















the next line 
L eH eoL = H Line hold Tothe  Totheleh — a 
first bit of edge of the 
the current window on 
line the current 
. line 

H L H _ H Address set — Set _ 
L L H H H Jump Jump to the set addressA — Off 
L tl 4H L H Window jump Jump to the set addressA  — On °2 
L H H L H Window Reset Reset to the window _ _ 

onigin point A 
- - - —_ L Clear Reset to (0, 0) _ Ott 





(—:Don't care) 


Notes: 1. The read address pointer is incremented up to the last address on the line, and then stopped. 
Reading is started immediately from the first dot on the next line or the left edge of the window 
by execution of the line increment operation. ‘ 

2. It is possible to move directly from an old window to a new window in window TiGde By seiting up 
a new jump address and executing a window setup jump operation. 
However, the new jump address should be input after access to the last line of the old window, _ 


3. When window scan mode is used any case after power on, WWND and WRS or RWND and 
RRS pins are should be input same signal. 


Notes on Usage 


1. Read system resets (read reset, read jump, read window reset, read line reset and read clear) and the 
read address setup operation cannot be executed for consecutive RCK clock cycles. Similarly, write 
system resets (write reset, write jump, write window reset, wnite line reset and write clear) and the write 
jump address setup operation cannot be execution for consecutive WCK clock cycles. 

2. Read system reset operations and read jump address set operations must be performed at times 
separated by at least 64 RCK clock cycles. (There is no need to use only 32 word addressing units, and 
these operations can be performed on any clock cycle.) 

3. Write system reset operations must be performed at umes separated by at least 64 WCK clock cycles. 
During setting write jump address, write system reset operauons cannot be executed. 
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. It is possible to input the write system reset in the middle of 32 word unit addressing. In this case, not 


only must the condition of note 2 be met, but furthermore, pairs of write system resets for units of less 
than 32 words must be separated by at least 160 WCK clock cycles. When the write system reset is 
executed at less than 32 words, the data up to the point to which the address pointer has advanced will 
be written, and the remaining data will retain the old values. (Note that after the completion of a write 


of less than 32 words, a write reset is required to wnite the data for the last address into the memory 
array.) 


. Location 0 and line end cannot be specified as a jump address. Use a reset to access location 0. 
. Any number of read system resets can be input when CGR is high, but the only first reset is effective. 


This read system reset operation is executed at the rising edge of the RCK just after CGR is set to low. 


. When CGW is high, write system can reset be input only once. In this case, this write system reset is 


executed at the rising edge of the WCK just after CGW is set to low. 


Supplement 


If the read system reset interval (at least 64 RCK clock cycles) of note 1, or the write system reset interval 
for less than 32 word units (and at least 160 WCK clock cycles) are not provided (see note 3), it is possible 
for the 32 words of data of the first address after the reset to be invalid, or for the first write of less than 32 
words following the write reset to fail to occur. However, even in this case, address pointer control will 
correctly, and valid data will be output for the second and following addresses. (However, in this case the 
condition of note 2 and the 32 clock or longer read system reset/read jump address interval must be 
provided.) 
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Timing Charts 
Write Cycle 


¢ Write address reset 


Cyde N -1 Cycle N | Cycle 0 | Cyde 1 Cycle 2 
twoo 
ca a1 wer 


wo 







The write address pointer is reset to 0 starting with the WAS low cycie. Only the falling edge of the 
WRS signal is detected. Adequate margin is provided if the rise occurs at least one clock cycle 
before the next fall. 


« Write clock gate 


Cycle N-1 Cycle N Clock gate cycle Cycie N +1 Cycle N+2 
twoc 


| High 
| High 
Oma K/L ON KAS OM RSSLLLLLLLLLL ON SRS LL gO Ui02) 


twas! t won 


Low 


During cycies where CGW is high, the write address pointer is not incremented, and the Dy data 
iS Not written. 





e Write enable 


CycleN-1 CycleN +2 CydeN+3 
= fo N twoc 
High 


High 


Ona si oes CLLLLL LLL LLRs) Ong 


Low 
/ / Af K/ wes 
VSL) st US 


Although the write address pointer is incremented on a cycle where WEis high, the D\ydatais not 
written, and the previous memory datais retaned. 
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Read Cycle 


* Read address reset 


Cyde N -1 


Dna KX _ Oven KK Om XK Pm KK Den XK K_O rw 
Add X Add 0 


The read address pointer is reset to 0 from the cycle where ARS was low. 
Only the falling edge of the RAS signal is detected. Adequate margin is provided if the rise 
occurs at least one clock cycle before the next fall. 





* Read clock gate 


CydeN-1 Cyc N Clock gate cycle Cycle N+1 Cycle N +2 


During cycles where CGR is high, the read address pointer is not incremented, and the output data 
is retained. 





» Output enable 


Disable cycle 


Cycle N-1 Cycle N N+1) CycdeN+2 CydeN+3 
MON OT 


During cycles where OE is high, the output goes to the high impedance state, and the read address 
pointer is incremented. 
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Line Reset 


¢ Write line increment 


WCK 


WLRS 


“"WRS | ton : 
a CK aXLIK C= KD (a XZDX On XX. 


Add (V, H) Add (V+1,0) ——— 
WWNO High 


WoL The line address V is incremented, and the horizonta! address H is reset to 0. ; High 





* Read line increment 


Add (V+1, 0) 


The line address V is incremented, and the horizontal address H is reset to 0. 





Write line hold 


CZK oma KZ Om KOK Oo MK Oa KD 


Add (V,H) 9 ————— tn Add (V, 0) ——— 


Add (0, V) 
The line address V is held as it is, and the horizontal address H is reset to 0. 
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* Read line hold 


- 
as tas KO _¥ 
| { tare | 
tras trasQ TF t Row 


AD AK Pol R210) AO) XY 
tec 


Add (V,H) te Add (V, 0) 


Add (V, 0) 
The line address V is held as itis, andthe horizontal address H is resetto 0. 





Jump Address Setup 
1 Dimensional Addressing Mode 


¢ Write address setup 


Write address setup Write jump 
—_——” oo At least 64 CLK cycles 


k—~ Add WA 


The write jump address WA is (A 14, Ayo, ..- Ag) 


After 64 cycles have passed following the start of write address setup, a jump to the set address can be 
pertormed at any time. 
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Read address sewp 


Read address setup 
+ <A least 64 CLK cycles 


1 2 


0 


Valid 


The read jump address RAis (Ay, Ajo, ..- 
After 64 cycies have passed following the start of read address setup, a stl to the set address can be 


pertormed at any tme. 
Read and write address setup can be performed asynchronously. 





2 Dimensional Addressing Mode 1 
* Write address setup (2 dimensional addressing: 324 line x 1024 dot mode) 


Write address setup Write jump 
L 


At least 64 CLK cycles 
; 9 10 13 63 


Line 
Vv L V7] 


i: a Saal 
oly ; 
= fe ee BLL 
. Heel Reanmarnaarteat Kaa aE _ 


Add ‘W(V, H)' 


twas 
WRS- 


The write jump address wy, H) is (V8, ..., VO, H4, ..., HO) 


The jump to the set address can be performed at any time once the required 64 cycles have passed 
following the start of write address setup. 
Jump to line end block is inhibited. 
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¢ Read address setup (2 dimensional addressing: 324 line x 1024 dot mode) 


Read address setup Read jump 
b <———___________ At least 64 CLK cycles——__—____—__—_» J 


LLLLILLLLL YG LLLL LL hh 


r 


The read jump address R(V, H)is (Vg, -... Vo, Ha, .... He) Add RIV, H) 
The jump to the set address ca be performed at any time once the required 64 cycies have passed 
following the start of read address setup. 
Read and write address setup can be performed asynchronously. 
Horizonta address shouid be ‘0’ forread jump in 2dim. add. 
Jump to line en d address is inhibited. 





2 Dimensional Addressing Mode 2 


¢ Write address setup (2 dimensional addressing: 288 line x 1152 dot mode) 


Wite address setup Write j heb 


Le eee oe OS 


ae. - 
Horizgntaladd fess H 


twss 
( Line address V a _*} 


wo Wve WXoK™ cone ona SZ 


WRS 


=" t, 2 sare J [/ 
On Avaa frais X Kars Via Wate VXvaia X "Naa Xiais LAO KAD a KXOrn 
The write jump address W(V,H)is (Vp, .... Vo Hs, -.-. Ho) Add W(V, H) 
The jump to the setaddress can be performed at any time once the requred 64 cycles have passed 


following the stat of wnte address setup. 
Jump to line end address is inhibited. 
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Read address setup (2 dimensional addressing: 288 line x 1152 dot mode) 


Read address setup 


Read jump 
At least 64 CLK cycies 4 
9 10 


t 
oridontal address H = 


AAA Wo MAO ne I. 


(Om {26 Xn 


The read jump address R(V, H) is (V ¢,..., Vo, Hs... Hg” Add ACV, H) 
The jump to the set address can be performed at any time once the required 64 cycles have passed 
following the start of read address setup. _ 

Read and write address setup can be performed asynchronously. 

Horizontal address shouid be ‘0’ for read jump in 2 dim. add. 

Jump to line end address is inhibited. 





¢ Address input mask 


Sie air setup 


Jump 
Atleast 64 CLK cycles | 


CLL LLL 


h ths ex ample, only the line address is re-input, and the horizontal addres sretains its 
previously setvdue. 


After the start of re ad orwrite jump add ress setup , if RAS or WAS respectively is retumed to the 
high lev el at an arbérary bit po sition, the address bits input thereafter are masked, and the 
cofres ponding bits retain ther previous vaues. 
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N 0 1 


es 
= SS 


tos og fon 
Dy —_Dina CZK om KOK Den KZLOK BKK Bs XK Daa 
—— AX i A WA 


WA%ss the address input in the previous write address setup | 
cyde. . : 
Jumpto line end address is inhibited. 





¢ Read jump 


N 1 
a 


a ———S 
OH 
CK Dn KK Om KK 89 KK On XY) 


Add X_ hh SOA RA 


RA is the address input in the previous read add ress setup cycle. 
Read jump is avaiable forthe jump address of which honzontal address is ‘0’. 
Jump to line end address is inhibited. 
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New/Previous Data Access 


e New data access (address reset) 


Written data can be read out 160 WCK clock cycles after it was written. 
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« Previous data access (address reset) 


Add 0-——— 
Previous data can be read out up to 32 WCK clock cycles after the write operation. 
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* New data access (address jump) 
(example where the read and write jump addresses are to the same location) 


Written data can be read out 160 WCK clock cycles after it was written. However, it is necessary to 
execute the read jump address setup operation outside the time period between 32 WCK cycles before 
the start of write to that address and 32 WCK cycles after the completion of write to that address. 
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¢ Previous data access (address jump) 
(example when the read and write jump addresses are to the same location) 


+ e=thesiz= 
Add A ———— 


Previous data can be read out up to 32 WCK clock cycles after the write operation. 








HM530281 
Clear 


« Write clear 


t 
ccleeteash ot 


LLL LLL LLL 
Pov. CZK Sos KK oR (90 KLLZK 01 KLLLK De 


Add (V, H ) Add (0,0) ——— 





* Read clear 


ACK | =~ 

‘RCLA Kesltras | re ton 

RWND LLLLLLLLLLLLLLLL LLG LLL LLL 
Dorr _D im) XD YK en YD) (00 XK 0, XKO 


Add (V, H ) +) Add (0, 0) 


The read address pointer is reset to (0, 0), and window mode is tumed off if it was on. 








HM530281 


Window Scan Function 


Combined Window Scan Example In this mode, addresses are generated 


automatically internally, so this function is useful - 


In window scan mode, the destination address of a__in applications that need to scan a window region. 


jump will be the first point in the window region, 
and line reset and reset operate as follows. Also, completely independent window regions can 


be scanned by the read and wnite systems. 
Line increment: Resets to the left edge of the 


window on the next line. Representative application examples are presented 


below. 
Line hold: Resets to the left edge of the window on 


the same line. 


Reset: Resets to the first point in the window. 


H (32-bit units) 
ea 1024 (1152) 


Window B 


(P +p, Q+q) 


Window C 


(M+m,N-+n) 


(R+r.S$ +5) 





Note: Horizontal address should be ‘0’ for read window jump. 
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Case 1: Switching Between Normal and Window A Scan 


WWND PILL LOLLY CLAP VL 


WAS, 
(RAS) 
. WLARS 
(RLRS) Jump to —s_ (M, Ne) (M,N+n) Jump to(0, (1, 0) 
(M, N) 0) 


Jump to (M, N+1) (M, N+n) Jump to (M, N+1) 
(M, N) 


(M, N) 


Window A Normal | Window C 
aS 7 
_istiine | 2ndline | 7 tastinem al isting | fT isting J 2nd line 


(M, Ns) Jump to (0, 0) i Jump to 
| : (RS) 

New address 

setup: (R, S) 


(R, S+1) 
New address 
setup: (P, Q) 
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Case 4: Switching from Window A Scan to Window B Scan to Window C Scan 


(Lhckhcbhdi ke dbododede Ted idedidededede F Lhd dhdbdbobididedede kde. V dorhrd dd 





(M.Nen) Jump to (P.Q+1) (P,Q+q) Jump (A, S+1) 
: (P,Q) (RS) 
New address New address 
setup: (P, Q) setup: (R, S) 
Window Scan Timing Charts 
Window Jump (setup) 
+ Write 


os} t oy 


Down CZK ee XK KOK 98, MOK Os KD mc 


Add (X,Y)° A. Add (M,N) —— 


The value (M, N) is the address input during the write address setup cycie. 
Jump to line end address is inhibited. 
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Ye ee 


aaa ee | 


KOny_ KK _Drne 
Add (X, Y} >be Add (M, N) 


The value (M, N) is the address input during the read address setup cycie. 
N shouid be ‘0' for read address. 
Jump to the line end address is inhibited. 





Line Increment (in window mode) 


° Write 


High tog tow 
C7 Kom XK Om XIX 0m KOK Om XK Oe 
Add (M, N+n ) Add (M+1,N) —— 


Don't Care 


High 


The line address M is incremented and the horizontal address currently at N + n is reset to N. 


0 ‘tree 


tN 


tas Td | 
High 7] tae by t no 
OK Own XK Om XK Oo KK 9 KK __ De 
Add (M, Nn) ———pbeg id (M41, N) 
Don't Care 


High 
The line address M is incremented and the horizontal address currently at N + nis reset to N. 
N should be “0” for read window. 








HM530281 


Line Hold (in window mode) 


° Write 


cen Se DT 
WRS wes twesf{ [tw 


tos pamang ton 
Din CLLR XLII KL Oy KLAZK 2 XK OD 
——— Add (M, N49) ee Ad (M,N 
ont Care 
High 
The line address M is held at its current value and the horizontal address currently at N + nis reset to N. 


WWNO 


WCLR 


Add (M, N+n) 


The line address M is heid at its current value and the horizontal address currently at N + nis reset to N. 
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Window Clear 


« Write 


re 
cena, 


twwos t wwon 
tog tow tog} DH 


Don LZR D0 RLS ORLA Do KLIK On RAL Dz 


Add (X, Y—— 


Add WA —— 
Note: The write address is reset to (0,0) when WAS is high. 


When WAS is iow, the write address jumps to WA, and in any case, the write window is cleared. 


Le, 7 7 v, 
CK Pm XK Omen KK O00 XK 01 XK 
Add (X,Y) —————_$$ ae Add RA 
Note: The read address is reset to (0,0) when RAS is high. 
When RAS is low, the read address jumps to RA, and in any case, the read window is cleared. 





HM530281 


Clear 


¢ Write clear 


Zoi was wR 7 
WAN LLL 


oe XXOM KD Ke XIXEXZIXE ND Oa 





° Read clear 


fee] tras teas 
RWNO OLLI 


Don XA Oo i’, a GED D2 


Add (V,H) 99©§ —————++-—__———_ Ad (0, 0) 


The read address pointer is reset to (0, 0), and window mode is turned off if it was on. 
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Reset to the Window Origin 
These figures show the timing charts for resetting the address pointer to the window origin address (M, N) 


during window scan mode execution. 


° Write 


os) t OH 


Dw Den RIK On KK KL O8 KLIK OAL IK De 
————— _ Add (M+m, Nen) je———————— Add (M, N) —— 


The write address pointer is reset to the window origin address (M, N). 


SOE 


—— 
a 


trac 


TD SD, GD + GREED, + GH! 


ton 


Add (M+m, N+n) ————___—» +. Add (M, N) 


The read address pointer is reset to the window origin address (M, N). 
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Package Dimensions 


Unit: mm 


18.41 


18.81 Max 
44 23 
SURI ATATELOUTOU ADOT SLOT OT SFOLRTGEOUDDOTSTENn 


0.50 + 0.10 
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TE JINEW- PRODUCT rare 


HM63021P-28/34/45 
2048 x 8 - BIT Line MEMORY 


Rev. 7 
Aug. 1990 


©) HITACHI 








The HM63021P is a 2048-word x 8-bit static Serial AccessMemory (SAM) with separate 
data inputs and outputs. Since it has an internal address counter, no external 
address signal is required and internal addresses are scanned serially. Using 
five different address scan modes, it is applicable to FIFO memories, double-speed 
conversions, 1H delay lines, and 1H/2H delay lines for digital TV signals. Its 
minimum cycle times are 28 ns and 34 ns, each corresponding to 8 fsc of PAL TV 
signals and NTSC TV signals. All inputs and outputs are TTL-compatible. This 
device is packaged in a 300-mil 28-pin DIP, and 28-pin plastic SOP. 


Ordering Information 


Type No. Cycle Time Package 

HM63021P-28 28 ns 300-mil 
28-pin 

HM63021P-34 34 ns plastic DIP 
(DP- 28N) 

HM63021P-45 45 ns 

HM63021FP-28 28 ns 28-pin 
plastic 

HM63021FP-34 34 ns SOP 
(FP-28DA) 

HM63021FP-45 45 ns 

Features 


* Five modes for various applications 
*e Corresponds to digital TV system with 4 fsc sampling 
(PAL, NTSC) 
*e Decoder signal output pin: Fewer external circuits 
%e Asynchronous read/write operations 
Separate address counters for read/write 
No address input required 
* High speed 
Cycle time: HM63021-28: 28 ns (min) 
HM63021-34: 34 ns (min) 
HM63021-45: 45 ns (min) 
* Completely static memory: No refresh required 
* 8-bit SAM with separate I/0 
* Low power dissipation 
Active: 250 mW typ 
ve Single 5 V supply 
* TTT-compatible 


Copy right ©) Hitachi, Ltd. 1990 All rights reserved 








Pin Arrangement 


Control _ 





{Top View) 


Mode Table 


Medel ede! He et 
ed scllemewien (a 
expansion (TBCE 
Aa o-oo 
conversion DSC 
Eee de mee ee eed 
(TBC) 
(A i alee es 


Note: *1 Decoder output signal ( RDEC, DEC2 ) 
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ree ow ae, 





Pin Description 


MODEL | Mode input 1 (all modes) 














‘RCLK /CLE Read clock input (TBCE, DSC, TBC 
clock input (1H/2H, D 
RRES/RE Read reset input (TBCE, DSC, TBC 
reset input (1H/2H, D 
| 4-11 | DinO-Din/ | Data inputs (all modes) 
penn Sl rnc reper meee e enable input tals modes) 














High impedance 
write decode bees Sore (TBC) 
Decode pulse a ial 1 


1 
15 | WCLK/WT/DEC Write clock input TBCE, DSC, TBC 


Write timing input (1H/2H) 
Decode pulse output 4 (D 

16 | WRES/DS/DEC3 Write reset input(TBCE, DSC, TBC 
Delay select input (1H/2H) 
Decode pulse output 3 

| 17-24 | DoutO-Dout/ | Data outputs (all modes) 

| Output enable input (all modes) | 


— MODE GESESROECSECT Mode input TBCE 
Read decode pulse output (TBC) 
Decode pulse output 2 (1H/2H, D 


| 27 | MODE | Mode input 2 (all modes) 
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Block Diagram 


Vec Vss WE Dind Din? 






Pi'rite Address ene - h 
q Control = 


ae 
Necoder 
Vrite Column 
Write Column 
Switch 















RCLK/CLK 

nobe/nire | liming 

alesse Control NU 
VCLK/WT Logic . 





Menory: Matrix 






WRES/DS 
MODEL 
A: B 
MOUE2 . : 
(128x64): (1 28x64) 
MODES 







Read Column 
Switch 







Read Column 
Decoder 


NoulO Dout? OF 
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Absolute Maximum Ratings 


Parameter Symbol. Rating Unit 
Voltage on any pin Vr -0.5* to +7.0 V 
relative to Vss 
Power Pr 1.0 W 
dissipation 
Operating Topr Q to +70 Cc 
temperature 
Storage Tstg -55 to +125 Cc 
temperature : 

Storage temperature Tbias -10 to +85 c 


under bias 
Note: * Vr min = -3.5 V for pulse width $ 10 ns 


_ Recommended DC Operating Conditions ( Ta = 0 to +70°C ) 


Parameter Symbol min typ max Unit 
Vee 4.5 5.0 5.5 Vv 
Supply voltage 
Vss 0 0 0 Vv 
Vin 2.4 - 6.0 Vv 
Input voltage 
Vin -0.5% - 0.8 V 


Note: * Vy; min = -3.0 V for pulse width S$ 10 ns 
Electrical Characteristics 


DC Characteristics (Ta = 0 to +70°C, Vec = 5 Vt#l0 %, Vss = 0 V) 


ba § 

Parameter Symbol min t max Unit Test Condition 
Input leakage Inr | - - 10 wA Vcc25.5 V 
current Vin=Vss to Vcc 
Output leakage | Ir9 - - 10 pA OE=VIH 
current Vout=Vss to Vcc 
Operating Min.cycle, 
power supply Ice - 50 90 mA Tout=0 mA *2 
current _ 

VoL - - 0.4 V TOL=8mA,DoutO - 7 
a SEE out pe pit 
Output voltage Voy 2.4 - - V «IOH=-4 mA, 
DoutO - 7 pin 
VoH 2.4 - - Vs «LOH=-1 mA, 


DEC output pin 
Notes: “1 Typical values are at Vcec=5V, Ta225°C and for reference only. 
*2 Nout and DEC 


*3 Ip, = 6 mA for 45 ns version. 


Capacitance (Ta=25°C, £=1.0 MHz) 








Parameter Symbol min t max Unit Condition 
Input capacitance Cin - - 6 F 
Output capacitance *1l Cout - - 9 F 





Notes: *1 13,15 - 24,26 pin 
*2 This parameter is sampled and not 100 % tested. 
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AC Characteristics (Vcc = 5 Vtl10 %, Ta = 0 to 70°C unless otherwise noted) 


% AC Test Conditions 


# Input and output timing reference levels: 1.5 V 
# Input pulse levels: Vss to 3 V 
# Input rise and fall times: 5 ns 


HM63021-28, -34 
+5V +5V 


+5V 
510 2 480 2 480 2 
DEC — Dout Dout 
30 pF *1 | 30 pF *1 5 pF ‘1 
395 2 255 Q 255 2 


DEC output load Dout output load (A) Dout output load (B) 
: : (toLz, touz) 
HM63021-45 - 
+5V '  +5V +5V 
6 


| 676 Q 25 2 625 Q 
DEC . Dout Dout 
O pF *1 30 pF *1 5 pF *1 
495 2 294 Q 294 Q 


DEC output load Dout output load (A) Dout output load (B) 


(toLz, toHz) 
Note: *1 Including scope and jig OLZ,» ‘OHZ 














Read C 
apes ale HM63021-28 HM63021-34 HM63021-45 
Parameter Symbol "min tax min max  ™in max Unit 
ead cycle time tre 28 - 34 - 45 - ns 
Read clock widt tRWL 10 - 10 - 15 - ns 
' tRwH 10 - 10 e 15 - ns 
Access time . tac - 20. es 25 - 30 ns 
Decode output(fa tDAl - 20 : 25 - 30 ns 
access time ; , 
(rise) tpa2 - 40. - 50 - 60. ns 
Output hold time ton ; - 5 - 3 - ns 
Decode output(fall) t 5 - 5 - 5 - ns 
hold time ss ; Pore 
(rise) tpoH2 S - - 5 - 5 : ns 
Output enable . tOE - 20 - 25 - 30 ns 





access time 

t 
Out ug disable fo toHz 0. (15 0 20 QO 25 ns 
Suepue tasbdg.jo fone SS 
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Write Cycle 


Write cycle time 


difs/. NEW PRODUGTig 


oe 





HM63021-28 HM63021-34 HM63021-45 


Parameter Symbol min max min max 
twe 28 - 34 - 45 - ns 


min max 


Unit 


twco(1H/2H Mode)56 - 68 - 90 - ns 

twwL 10 - 10 - L5 - ns 
Write clock width 

twwH 10 - 10 - 15 - ns 
Input data setup tps 5 - 5 - 7 - ns 
Time 
Input data hold tpH 5 - 5 - 7 - ns 
Time 
= tCwESL 5 - 5 - 7 - ns 
WE setup time 

tWESH 5 - 5 - 7 - ns 
ae twEHL 5 - 5 - 7 - ns 
WE hold time 

twEHH 5 - 5 - 7 - ns 
a twtsL 5 - 5 - 7 - ns 
WT setup time 

tWTSH 5 - 5 - 7 - ns 
ae twHL 5 - 5 - 7 - ns 
T hold time 

CwTHH 3 - 5 - 7 - ns 


Reset Cycle 


HM63021-28 HM63021-34 HM63021-45 


min max 


Unit 


Parameter Symbol min max min max 
Reset setup time tRES 8 - 9 - 10 - ns 


Reset hold time 











CREH 3 - b) - 7 - ns 
Clock setup time tReps 8 - 9 - 10 - ns 
before reset 
Clock hold time CREPH b) = 3 7 : ns 
before reset 
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Mode Description 


* Time Base Compression/Expansion Mode 


This mode turns HM63021 into a 2048-word x 8-bit FIFO 

memory with asynchronous anpue our pie, The _HM63021 provides 2 
clocks , WCLRK) and 2 resets (RRES, WRES), one each for 

read and write. The internal address counters increment by 1 
address clock and are reset to address 0. A write-inhibit 
function of HM63021 oes writing automatically after the data 
_has been written into all addresses Q to 2047. The write-imhibit 


function is released by reset using WRES, and the HM63021 restarts 
writing into address 0 


* Double-Speed Conversion Mode 


This mode turns HM63021 into a 1024-word x 8-bit x 2 memory with 
asynchronous input/output. It is used for generating non- interlaced 
TV signals. When the original signal and the inter-polated signal 
(1-field delay) of interlaced signals are input to the HM63021 
multiplexed per dot, it outputs non-interlaced signals for each line. 
8 fsc should be input to RCLK and WCLK. A standard If synchronizin 
sign l and a non-interlace H synchronizing signal are input to WRE 
and R respectively. A write-inhibit function is provided in this 


mode, making it applicable to PAL TV, where extra data (1135 - 1024 = 
111 bits) is ignored. 


* TBC Mode 


This mode turns HM63021 into a 2048-word x 8-bit FIFO memor ith 
asynchronous ing E/outpyt . The HM63021 provides 2 clocks ( , WCLK) 
and 2 resets (RRES, WRES), one each for read and write. The internal 
address counters increment by 1 address at each clock and are reset to 
address 0. The internal address counters return to address 0 after they 
reach address 2047. The HM63021 outputs a write decode pulse from WDEC, 
synchronizing it with _address 2047 in the write address counter, and read 
a decode pulse from , synchronizing it with address 2047 in the read 


address counter. Using these pureers the memory area can be extended 
easily (multiple HM63021s can be used with ease). 


%e 1H/2H Delay Mode 


Ww 


This mode turns HM63021 into a 1024-word x 8-bit x 2 delay line with 


AeEchyQnous input/output. Delay time is defined by the reset period of 
RES. Since the_HM463021 outputs a 901 decode pulse (DEC1) and a 910 
decode pulse (DEC2), connecting DEC2 to RES, for example, outputs 1lH- 
and 2H-delayed signals alternately at a 8-fsc cycle when the original 
signal is input at a 4-fsce cycle. A write-inhibit function is provided 
in this mode, making it applicable to PAL TV, where extra data 

(1135 - 1024 = 111 Bits) is ignored. 


% Delay Line Mode 


This mode turns the HM63021 into a 2048-word x 8-bit delay line with 
synchronous Apu RE eUCP EE Delay time (3 to 2048 bits) is defined by the 
reset period of . The delay is 2048 bits when RES is fixed high. 


Signals delayed by 910 bits to 1135 bits, for example; can be easily 
obtained without external circuits by just connecting selected decoded 
pulses on DEC] - DEC4 to RES. 
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Notes on Using HM63021 


~ 
x 


Hitachi recommends that pin 13 (high impedance) should be fixed 
by pulling up or down with a resistor (of several kf) in TBC or 
DSC mode. 


* Hitachi recommends that the mode signal input pins and DS pin 


should be fixed by pulling them up or down with a resistor (of 
several kQ). 


ve 


Data integrity cannot be guaranteed when mode or DS is changed during 
operation. 


% When a read address coincides with a write address in TBCE, TBC 
or DSC mode, the data is written correctly but it is not always 
read correctly. 


(1) Read after write (3 bits delay) 


WCLK 








€- Write cycle 
RCLK t 2 tWC min 


€& Read cycle 


- WOLK 


RCLK t s 0 ns 
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At power on, the output of the address counter is not defined. 
Therefore, operations before the system is reset cannot be 
guaranteed, and decode signal output is not defined until after the 


first reset cycle. 


The decode signal is latched by a decode output latch circuit at the 
previous address of the internal counter address and is output 
synchronized with the next address. For example, WDEC in TBC mode is 
latched at write address 2046 and is output at write address 2047. I£ 
a write reset is performed on address 2047 at this time, the write 
address becomes 0 and WDEC is output. 


The same operation is performed in other modes. 


In the reset cycle, the input levels of WRES, RRES, RES are raised to 
satisfy trey, and are fixed high until tpepy in the next pre-reset 
cycle is satisfied. The rise timings of the reset signals (RES, 
WRES, RRES) are optionals provided that the treps specification is 
satisfied. The timings at which RES, WRES, and RRES fall after 
pre-reset are also optional, provided that the trepy and tres speci- 


fications are satisfied. 
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* Hitachi recommends that ty, (time between mode set and the first 
cycle (Pre-reset)) should be kept for 2 cycle time (56 ns/68 ns 
/90 ns) or more while the power supply is on. 


(1) TBCE, TBC, DSC and Delay Line Mode 


Mode Pre 
set reset 












mode 


hie 


Sf 


WOEK 
(CLK) 


Sa Sgencee SaaTe, 


Note: When mode pins are fixed with Vcc, Vss in mode set 





while the power supply is on, tm spec is not needed. 
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Decode Signal 


When the internal address counter reaches the specified address as 
shown below, decode outputs become low. 


Mode | Pin) Pin | Internal | Timing of the 
No.| Name Address Output Signa Operation 
Counter 
(ees does cae Completion of writing on all 
2047 bits is detected. 
ies eee CP Completion of reading from 
2046 all bits is detected. 
1H/2H 13 | D Read 900 Output of By inputting this signal to pin 
(2H) | 900(1H) #3, 901/1802-bit delay output 
is obtained. 
i oS ain 909 Output of By inputting this signal to pin 


oS ain 909(1H) #3, 910/1820-bit delay output 
is obtained. 


ae 9 By inputting this signal to pin 
line #3, 910-bit delay output is 
obtained. 
Read 1810 | Output of By inputting this signal to pin 
1809 #3 after the frequency of DEC1 
is devided into two, 1811-bit 
delay output is obtained. 
4 Read 909 Output of 904 By inputting this signal to pin 
i aa ae #3, 910-bit delay output is 
obtained. 
Read 1819 | Output of By inputting this signal to pin 
1818 #3 after the frequency of DEC2 
is devided into two, 1820-bit 
delay output is obtained. 
ee 1134 | Output of By inputting this signal to pin 
1133 #3, 1135-bit delay output is 
obtained. 
Lhe Read 1125 | Output of By inputting this signal to pin 
1124 #3, 1126-bit delay output is 
obtained. 


Note: When the counter is reset by reset signal (RRES, RES, WRES), 


address becomes 0. 


Write-inhibit Function 


When internal address counter is as follows, writing is inhibited 
automatically for the next cycle. The_write-inhibit function 
is cancelled by reset through WRES or RES. 


Mode Write-inhibit Function 
(internal counter address 
TBCE Write-inhibit after address 2047 
' DSC Write-inhibit after address 1023 x 2 

TBC No function 

1i{/2H Write-inhibit after address 1023 

D No function 

Note: When the address counter is reset by WRES or RES, address 


becomes 0. 
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Read Reset Cycle (ITBCE, TBC Modes) 


rere | resect | dir utpul 


ie traeie | nL te 
n-1 cycle a aes 4 Eee i m co A er 
tRC ———* + ee 


RCLK 


RAGS JG Loe 


Not 


VLLLLLLLLLLLLLL. 







a aml 
th. ae oe a 1 


Note(2 


Notes: 1. The_read address counter is reset at the first falling edge 
of RCLK after RRES falls, meeting the specifications of treps 


and trepy, and_it is not reset at the next falling edge of 
RCLK even if RRES is kept low. 


When tres, tren, treps, and trepy cannot meet the speci- 
fications, the reset operation is not guaranteed. In reset 
operation, both prereset and reset are required. 


2. Output is from the read address of the previous cycle. 
3. When RRES is fixed high, the data at the read address 


counter is reset after the data of address 2047 is output, 
and the same operation restarts. 
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Write Reset Cycle (TBCE, TBC Modes) 


Note: 





[533%Ess 0 Input| 





VCIK 


WRES 
Note (I 


Din =X) XXX) XXX (0) XXXX? XXX) KKM) 


= ak cy iHL 
WE : 


The write address counter is reset at the first falling edge 
of WCLK after WRES falls, meeting the specifications of tpreps 
and trppy, and it is not reset at the next falling edge of 
WCLK even if WRES is kept low. 


When tres, treH, trREps, and trepy cannot meet the specifications, 
the reset operation is not guaranteed. 
In reset operation, both prereset and reset are required. 
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Reset Cycle (DSC Mode) 


Notes: 


[rrereset {reset _| 











ct reset_| 
VCILK ie 
AESURED 
7 sf LTTTITTTLILL | A777 
hote( ul i LREPS tk i 


CPS} toy 


Din (BIDXKCABKXDO XX CAO K XIX KAT) X) 2 OM RDKKBI) KKAI)X KO XX(HO) 


RCLK 


Rees Of Va ELALLLA 


dal 


Note(2} fins cher VES therw 


ole 


Dout (BL)_X(B2) XVI CAO) X CALYX (42) X(A3)_K (00) 


LAC LOH LAC toll 


——— —__—— 


Reset, Timing | Reant Timing 2 


1. The write address counter is reset at the first falling edge of 
WCLK after WRES falls, meeting the specifications of tppps and 


is not reset at the next falling edge of WCIR even 


FRE and it 
PEs is kept low. When tres, trey, treps, and trepy cannot 


cee the spec 


ifications, the reset operation is not guaranteed. 


2. The read address counter is reset at the first falling edge of 


RCIK after RRES falls, meeting the specifications of tRERS and 
R 


trepy, and it 


is not reset at the next falling edge of even 


if RRES is kept low. When tres, trey, treps, and trepy cannot 


meet the spec 


3. Wh 
cren (PRES to 


ifications, the reset operation is not guaranteed. 


RES? ane trey (WRE to WCER), or treps,» trREPH, tRES> 


) cannot meet. the specifications, the output of 


video signal A is not gu uaranteed. (Reset Timing 1) 
4. When treps (WRES to RCLK), or tres» trEH> tREPH (RRES to RCLK) 
cannot meet the specifications, the interpolation signal 8 is not 


guaranteed. 


(Reset Timing 2) 
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Reset Cycle (1H/2H Mode) 


ddress OjAddress 0 
. tvC 





CLK 
(8 {sc) 
— Note(!) 
VT 
(A Esc) 
—_ Note 
RES 
Note(1,3) eee 
Din XXKX 










aul un ait Ml ray) It 2i Mt 
sy we 
VE i 
Note (3) 
(High) or (low) 
Notes: 1. WTI is the input during half cycle of CLK, meeting the 
specifications of twrsr, twrut, twrsq, and t _ Data is 


written when WI is low. Reset is possible when WT is high. 

2. Read address counter is reset at the first falling edge of 
CLK after RES falls, meeting the specifications of "REPS one 
trepH, and_it is not reset at the next falling edge of 
even if RES is kept low. When tres, trey, treps, and trepH 
cannot meet the specifications, the reset operation is not 
guaranteed. In reset operation, both prereset and reset are 
required. | * 

3. When DS is fixed high, 1H output data is delayed by n bits and 
2H output_data is delayed by 2n-bits where 2n is the reset 
cycle of RES. When DS is fixed low, 1H output data is delayed 
in n-5 bits and 2H output data is delayed in 2n-5 bits. 
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Reset Cycle (D Mode) 


Prereset} [ reset 


CLK 
__ Wote(t RES| URE 
RES LLLLLLR_| NREL LLL LLL LLL LL LLL LLL 
tREPS tREPI ; 
EMESL | LWUIIL 
Rm Neo Jr (ee SO a 


LDS} tf 


Din (C= BK (= 2X 6 DXQOK 0) ROK (0) XXX XK (2) XY 





Nout 


Note: The_read address counter is reset at the first falling edge 
of CLK after RES falls, meeting the specifications of treps 
and trepy, and_it is not reset at the next falling edge of 
CLK even if RES is kept low. 


When tres, treH, treps, and tpppy cannot meet the specifi- 
cations, the reset operation is not guaranteed. 
In reset operation, both prereset and reset are required. 
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Write Enable (TBCE, DSC, TBC, D Modes) 


n geet “I [teteeiet [n42 c cycle cle } [n#3 cycle} n+4 cycle | j— 


Note (J Note(1 
VCLK Note (2) 
(CLK) LEWWL L RWW 
VE Note({) 44,4 XY 


DS] tiyt 


Nin x) XK LY) KXXXKXKXAAAKKK KAKA XK KK (14 5) XR 


Notes: 1. When twen,, twesH, twEHH, and twesr cannot meet this spe- 
cifications, the write enable operation is not guaranteed. 





2. In the delay line mode, CEK takes the place of WCLK. 


Write Enable (1H/2H Mode) 


CLK 
(8 fae) 






CVISL | UTIL 


eae a SS 7s 


Din (ae LEK KRX HS XKKK 


Note: When twrsp, twrut» twEHL, and tweHH cannot meet the spe- 
cifications, the write enable operation is not guaranteed. 
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' Decode Output (TBC, D Modes) 


= Nola( 
CLR 
¥CLK 
RCLK 





Notes: 1. In TBC mode, WCLK 0 or RCLK takes the place of CLK. 
2. DEC is WDEC or RDEC in TBC, DEC1, DEC2, DEC3, or DEC4 in 
D mode. 








Decode Output (1H/2H Modes) 


CK 
LYTSHLNTHL 

VT i aed WW 

Nole(1) Lie a ae lwTi tL) 

UDA _4DAZ 

an DOI LOZ 
DECI a ——y | 
DEC? R\K ah, 


Note: When twrsp, twruL, twrsH» and twryy cannot meet the speci- 
fications, the decode output operation is not guaranteed. 


Output Enable (All Modes) 


OF 





Dout DATA VALID : DATA VALID 
Note(t) 


Note: Transition of toyz and twLz is measured +200 mV from 
steady state voltage with Output Load B. 
This parameter is sampled and not 100 % tested. 
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Package Dimsensions Unit: mm 


eHM63021P Series 





2.5420. 25 


2.Sdain |S. 08eaa 





*HM63021FP Series 
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18.75max 
eS al 





0.1773:38 








11.8020.30 
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